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E SPECIFICATION 


for Wood . . . Powder and Granular Materials 
Grain. . . Tobacco... . and Wartime Substitutes 


TAG Moisture Meters provide 


the means for obtaining determinations of moisture content accurately, 
inexpensively and quickly . . . pointing the way to greater uniformity of 
product and increased production. Approximately 7,000 of these TAG 
Instruments are performing their important function in America's mills, 
plants and laboratories all over the U. S. A. 


~ efor WOOD 





The TAG-Heppenstall Moisture Meter for wood is recognized as 
the international standard in many lines of industry where wood 
plays a part. Due to a manufacturing tolerance of 0.25%, this 
meter does its job effectively on the plywood, veneers and balsa 
wood so widely used in the construction of cargo planes, gliders 
and bombers . . . a practical, metal-conserving factor in the War 
Program. 


for POWDER and GRANULAR 
MATERIALS, etc. 


TAG Moisture Meter—Dielectric Type. Many products such as 
chemicals, dehydrated foodstuffs, liquids, soaps, sheet materials 
which cannot be tested by the electrical conductance method can 
now be measured on the TAG Moisture Meter (Dielectric Type). 
By means of this instrument, a constant vigilance is maintained 
over army rations so that they shall conform exactly to the strict 
specifications of the Quartermaster Corps. In addition, the Meter 
is serving by testing the moisture content of dehydrated food- 
stuffs, thus saving valuable shipping space. 


for GRAIN 


This TAG-Heppenstall Moisture Meter is the only rapid electrical 
method approved and used by the U.S. Department of Agriculture. 
It is calibrated to a tolerance of +0.05% and used in Federal 
Grain Supervision offices, in testing 45 varieties of grain, corn, 
seeds, beans, etc. It helps keep the steady stream of sound food- 
stuffs flowing to our fighting forces and our allies. 


for TOBACCO 


The TAG-Heppenstall Moisture Meter for determining the moisture 
content in tobacco, constantly guards the products of America’s 
leading tobacco manufacturers which go to the home front and 
those allocated to the Armed Forces. This Meter has also made 
possible the discovery and development of many substitutes for 
products that the present War has made very scarce or impossible 
to obtain, i.e—A substitute for manila fibre, a most valuable 
material for marine rope. 
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Foxboro Quick-Check Instrument Maintenance 
saves shut-downs, repairs, lost production 


Now's the time to block off any chance of inter- 
ruptions in the operation of your equipment. For, 
war times demand full-time production from every 
plant... without replacements or repairs requiring 
war materials or manpower. 

Here’s an easy way to make sure of continuous 
top performance from your instruments. Send for 
free copies of Foxboro Quick-Check Maintenance 
Cards for each type of instrument you employ. 
These handy 8!2x11” cards give A-B-C instructions 
for preventing damage to your instruments. So sim- 
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ple, even “green hands” can't go wrong. Equally 
useful for Foxboro or other standard instruments. 

Take this easy step for wartime conservation. 
Write today for Foxboro Quick-Check Cards, speci- 
fying different types of instruments in your plant 
(recorders, controllers or indicators for tempera- 
ture, pressure or flow). The Foxboro Company, 
46 Neponset Avenue, Foxboro, Mass., U. S. A. 
Branches in principal cities of U. S. and Canada. 
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MOELLER DIAL THERMOM- 
ETERS. Made in various 
scale ranges up to 1000°F. 
or equivalent. Metal and 
Phenolite cases. 











BAROMETERS 
MARINE INSTRUMENTS, 


MOELLER 


PRECISION 
GRADE 
INSTRUMENTS 


MOELLER MERCURY THERMOMETERS 


Made with "Moeller Glass Red Reading 
making them easy to read 
under varying light conditions, at a con- 
siderable distance and over a wide range. 





MOELLER 
RECORDING 
THERMOMETERS 


Furnished in vari- 
ous ranges up to 
1000°F. or equiv- 
alent. Round or 
square cases. 


Also HYGROMETERS 
RECORDING PSYCHROMETERS 
HYDROMETERS 


ETC. 


Write for catalog. 














MOELLER 





RICHMOND HILL 





INSTRUMENT COMPANY 


{32nd STREET and 89th AVENUE 


NEW YORK 


Sales Representatives in Principal Cities 











Page A4—I/nstruments—Vol. 16 





I nstrume 


Vol. | 6 


COVER: Control room in Monsanto Chemical C 
styrene plant (see article on page 397). 

EDITORIAL: “SPEAKING OF CONTROL” 
By M. F. Behar 

ON-THE-JOB CONTROLLER ADJUSTMENTS 
Part one—**Proportional Sensitivity” ‘Bs 
By J. G. Ziegler 

GRAPHS FOR CONTROLLER ADJUSTMENTS 
“Process recovery curves” 
By Emerson L. Kumm 

CONTROLLED-VALVE PRESSURE-DROP Ber 
and a solution of the problem a 
By H. C. McRae 

MECHANIZED ELECTROMETRIC TITRATIONS 
with autographic feature 
By D. J. Pompeo, C. J. Penther and H. E. Hall er 

CALIBRATING WATTMETERS ry hs 
with a potentiometer 
-By Morris Underwood an 

THE GAGE THAT WEIGHS SHELL FORGINGS 406 ae Me 

at a Willys-Overland plant be 

By Raymond Fitness col 

ELECTRON TUBES—THEIR PRINCIPLES on 
AND INSTRUMENTATION APPLICATIONS 

y Andrew W. Kramer 
Special Feature WPB Form 1682 416-42 0) 





JULY 1943 No? 


Aviation Instruments Department 
TEST AND REPAIR KINKS 
Removing Drag Cup from Tac By R. J. Burt 42 
Notes on Gyro Tests t4 2 By George R. Ford......423 
Piercing Thin Metal a By George E. Ker 
Instrument Oiler - - - - - By George Peffe: 424m Te 
Hand Crank for Chrono Tac - By Oliver Warner.....424 9 5! 
AIRCRAFT INSTRUMENT GUILD In 
Horizon Rotor Shimmying - +- ByR. G. Ojers 424m la 
Standardization vin @ - « ByR. G. Ojers 428 He pe 
Questions & Answers Column- By R. G. Ojers 43) & ai 


New Instruments Department 448 
Indicators, recorders, controllers, inspection devices, for 
plant, field, aircraft and dina natitid 
INSTRUMENT SOCIETY NEWS 462 
MANUFACTURERS’ NEW LITERATURE 463 
ADVERTISERS’ INDEX 464 


Published Monthly on the 15th by 


THE INSTRUMENTS PUBLISHING COMPAN) 
1117 Wolfendale Street, Pittsburgh, Pa. 
RICHARD RIMBACH Major M. F. BEHAR 
Publisher Editor 


FIELD REPRESENTATIVES 
Boston: James Condon, 36 Myrtle St. (Lafayette 


MEMBER M\ 0829). New York: R. K. Farnham, 545 Fifth Ave 
Audit Bu- (Murray Hill 2-4217). Cincinnati: Harold W 
SS Haskett, Keith Bldg. (Main 4260), Chicago: Harold 
— W. Haskett, Room 701, 360 N. Michigan Ave 

(Franklin 5783). Pacific Coast: M. D. Pugh, 2989 


Lincoln Ave., Altadena, Calif. (Sycamore 2894 


Annual Subscription: U. S. $2.00. Copyright 1943 by The Inst 
Publishing Company. Entered as second-class matter January 
at the post office at Pittsburgh under the Act of March 3, 1879 












Subscribers: Note that while the WPB Paper Limitation Order is in ! 

1. Send notices of changes of address as soon as possible—preferably | 
move. Back copies can no longer be furnished. . 

2. Renew your subseription before it expires. If you do not remember t! xpira 
tion date, look for it on the address stencil. Renewal] notices will conti t 
sent before expirations, but only one notice will be sent to each subs¢ 
renewal must be received within fifteen days. 

8. Circulation of Instruments is limited to 10,000 copies. There alre 
waiting list. Names on waiting list are plaeed on circulation list in reg 
to replace non-renewals. 

4. No single copies will be sold. 

5. No mew or renewal foreign subscriptions can be accepted during the 
the WPB Limitation Order is in force. 


o> 





pITO LIAL 





OFFICE MEMORANDUM 
Instruments Pub. Co. DATE: June 5, 19438 
NSTRUMENTS 
, years since you were promoted from Engineering Editer to Editor 
S. The Company hereby... 










ermanent value, however, has been your constant work in shaping 
andard terminology of instrumentation. The Company suggests that 
h anniversary) editorial you publish in full your automatic control 
ns. If this notice is too short, print the list in the July issue 
which the Company has no control make advisable the earliest 
ition of this standard. R. R 
OFFICE MEMORANDUM 
INSTRUMENTS DATE: June 5, 1943 
, Instruments Pub. Co 
is appreciated and will be carried out in a modified form—a sort of 
It will be for our 6000 new (since P.H.) subscribers—not for the 
: some of whom are outstanding experts, 
1 the complete Standard Terminology to other ‘‘language groups’ 
eq rinting several chapters and articles and printing the revised Appen 
rIVi first time—a total of some sixty pages. The mere list cannot sell itself 
iage groups.’’ It probably would not stem the rising tide of superfluous 
he literature over which our Company has no control. And that is the 
have never sought to control what is printed elsewhere; we have never 
t of any “‘language group’’ to call its terminology THE standard one; 
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XPERTS please leave the room. Thank you. Now, men, 
E the language of Instrumentation is largely drawn from 
various branches of science and engineering but it has to 
be distinct and the first thing one must learn is to be wary 
and alert when hearing or reading other languages (all 
made up of English words). A “potentiometer” turns out to 
be a resistor; a “meter” an indicator; a “colorimeter” a 
color comparator. We read that “the quantity is registered 
on a meter” but it turns out that the weight is indicated on 
a spring-scale. In particular, the literature on automatic- 
control devices is being issued in many different languages. 
One reason is that some writers either don’t know the stand- 
ard language or deliberately give to already-named things 
and concepts the names of other things and concepts. A 
second reason is the legitimate desire of manufacturers to 
enjoy the adva itages of registered trade-marks (somewhat 
like in the fields of pharmaceuticals, plastics, etc.). A third 
reason is that ceitain things and concepts were developed 
simultaneously in aifferent fields, so that one certain small 
instrument is a speed controller to a chemist, a speed regu- 
lator to an electrician, a governor to a mechanician and 
perhaps a velostat to a physicist or an r.p.m. limiter to an 
aircraftsman, We instrumenticians would call it by any of 
these five names, depending on the field of application, but 
would sometimes put “automatic” in front of “controller” 
or “regulator.” We’re only dealing with automatic control- 
lers or regulators in this informal chat. In fact, we’re trying 
to speak of automatic control or automatic regulation— 
concepts apart from things. This first blackboard sketch 
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shows how any of us can distinguish between concepts 
(attributes, properties, characteristics, etc.) and the things 
to which they relate. We can’t learn the names of all the 
parts of the marvelous valve-sequencing hydraulic system, 
80 we deal with abstractions common to all automatic con- 
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amore 7-2894 trollers—even to those without 

ie Instruments moving parts. (That’s how the ee 

lary 2 32 standard terminology of Instru- e+—-}e - 
1879. mentation began. Perhaps that’s ‘ije | (=== Bn 
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, subscriber and # age regulator as shown in the sec- 
re already is sf Od sketch. In a way, it is ideal 
mn regular order HM for our purpose because it has no moving parts. Yet it is 
1 a made up of elements which measure the variable to be con- 





trolled, which remember the exact value to be maintained, 








Speaking of Control . 





.. on the Blackboard 


and which perform the requisite corrective action in about 
1/30 second! (Electronic automatic volume controls and 
static neutralizers work even faster.) Now let’s go back to 
automatic controllers with moving parts, particularly to the 
instrument types which perform miracles in many indus- 
tries today—and to-morrow will help shape an industrial 
civilization with a fifth freedom: freedom from useless man- 
ual drudgery. Yes, they are a crowning glory to instrumen- 
tation, but we don’t have to be Einsteins to understand 
them. Here’s the proof: 
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Don’t laugh at this cartoon; study it. Don’t admire it; 
criticize it. In some ways it is correct (it is the revision of 
a 1925 idea which advanced the art); in other ways it is 
wrong: it doesn’t show, for example, what the brain does. 
Well, what can the brain do? In general, send commands 
based on what the eyes see: on the indication. The indica- 
tion must not be falsified by drag and the orders must be 
carried out obediently, so here are some improvements: 


“Primitive” but _— ae 
often OK é “i * T 
x 
“Modern” i } 
— 2.8 


Ideally, the corrective action at the final element would 
be related to the true instantaneous value of the controlled 
variable—specifically to its departure or deviation from nor- 
mal. With this ideal in view, the important performance 
characteristics of automatic controllers were classified in 
1930 as four relations: 

(1) Extent of departure to extent of corrective action ; 

(2) Extent of departure to rate of corrective action; 

(3) Rate of departure to extent of corrective action ; 

(4) Rate of departure to rate of corrective action. (This is not 
like No. 1, because of non-linearities. ) 


Note that these four important performance characteris- 





tics or “curves” are the relations between 

departures or deviations of the change in rate of flow of 
the true value of the con- energy or of controlled me- 
trolled variable (not of the and dium (not the change in po- 
rosition of a pointer, pen- sition of a valve, rheostat, 
arm, etc.) ete.) 


In 1930 it was too difficult and costly to plot these per- 
formance characteristics as a standard practice and etch 
curves on the name-plates of all controllers. Even today, it 
is prohibitive. So they were not named when they were first 
published: they were held up as an ideal. But let’s forget 
these “overall characteristics” for a moment and let’s con- 
sider specifically the decisions and commands of the brain. 
In an automatic-control system, (Concluded on page 438) 
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EDITOR'S NOTE.—At the top of the first page of his manuscript, 
the author typed the following: ‘Statements and opinions advanced in 
this blurb are to be understood as individual expressions of the author and 
mot necessarily those of Instruments. On second thought we delete ‘neces- 
sarily..—-MFB"’ This is the first time that an Instruments author 
has suggested the wording—or even the general nature—of an 
editorial introduction. Since it is similar, on the whole, to the usual 
litorial statement introducing an article expressing strong opin- 
ions, we print it without altering a word of it—not even the word 
(which means a publisher’s announcement of a book and 
mean an article). Yes, we thank Mr. Ziegler for handing 


é 


is these twenty-nine words already typed! BUT... this prepared 
statement is incomplete because it implies that the following 


article has not been edited. Of course, none of Mr. Ziegler’s asser- 
t } been altered but, as has been the routine of this sanctum 


f ten years, some of the unfamiliar special terms used in his 
manuscript have been translated into the standard Instrumenta- 
t language—into the terminology familiar to our subscribers 


Instruments 
ten years. Not all 
lated only those 


has made its authors use it during the last 
of Mr. Ziegler’s special terms have been trans- 
which are strange and confusing new names for 


things or concepts which our subscribers know by their familiar 
standard names. We have NOT translated some Ziegler terms 
which, although new to our subscribers, are genuinely useful in 

nveying to the reader’s mind the valuable advice contained in 


is article. Moreover, the twenty-nine words give the impression 
that we condescend to accept his article when the fact is that one 
year ago we heard about his “practical dope on adjustments” and 
mmediately asked him to let our subscribers have it.—MFB 


PART ONE—*PROPORTIONAL SENSITIVITY” 
OR “THROTTLING RANGE” 


RESENT-DAY air-operated automatic controllers are 
Piinsesiou gadgets and are made adjustable. If the best 

control results are to be obtained, the best adjust- 
ments must be found for each job and they must be found 
on the job. Determinations of adjustments are often time- 
consuming, especially for the beginner, but they need not 
be. In fact the beginner who follows a definite adjustment 
procedure will generally arrive at correct adjustments in 
considerably less time than an experienced instrument man 
following a cut-and-try system. It is important to realize 
the goal of adjustment; to realize when the optimum per- 
formance is being obtained and then not waste time striv- 
ing for better results when it means pursuing a will-o’-the- 
Wis 


) 


sp. 
In spite of the many different air-operated automatic- 
control mechanisms on the market, all are basically similar 
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“On-the-job” Adjustments of Air-operated 
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as far as their comparable actions are concerned. I 
article, therefore, we will deal with them in general—and 
not with any one particular mechanism—and we will forget 
intricacies of mechanisms and deal only with 
common to all makes. (It may be necessa’.y for the read 
to identify the corresponding adjustment on different 
makes: A study of the instrument instruction book w 
usually disclose which adjustment produces the result 
question. ) 


esse! 





Most air-operated controllers have a “pointer” or “per 
arm” or “index,” actuated by the measuring element, whic! 
indicates the scale value of the controlled variable such as 
temperature. We will call this device the PEN. They als 
have a part which, although shaped like a pointer, is 1 
actuated by the measuring element but is “positioned” ¢ 
“set” by the user at the SETTING-POINT on the scale. We wil 
call this part the SETTING-ARM. Air-operated controllers have 
two little pressure gages. One is for checking the correct- 
ness of the pressure from the air compressor; we can for- 
get it (as the user often does). On the other little gage, 
the user reads the air pressure from the controller mech- 
anism to the controlled valve or damper, but we can forget 
these details and think only of this reading as the OUTPUT 
of the mechanism. 

The first adjustment we shall consider is such a simple 
one that it is most often called a setting. All air-operated 
controllers have some means of regulating the output pres- 
sure so that it will have a certain value when the pen Is at 
the setting point (when pen and setting-arm coincide). This 
is known as setting for “mid-point” or for “axis” 01 
“normal valve opening” or, simply, as ZEROING the output. 
Thus, in Fig. 1 and 2, the controller has been “zeroed” for 
10 Ibs./in.?. Controllers can generally be set to give a1 
put pressure (within the range of the compressed-air 
ply) with pen and setting arm coincident. 





The only other adjustment we will consider is sensit 
No, not the sensitivity of the measuring system but “cON 
TROL SENSITIVITY” and specifically “PROPORTIONAL SENSITI\ 
ITY” which we will call sensitivity for short. This requires 
first a little explanation of “PROPORTIONAL.” 

Nearly all manufacturers make only two types of 
operated controllers, the type which gives a “proporti 
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ntrol and the type which gives a “proportional 


05 re mode of control. In this article we will consider 
sa t yrmer type of controller but we will not go into 
detai modes of control which would mean delving into 
niohb considerations of the entire control system: we 
will consider only what the user of a controller can observe 
readi hile he stands before the panel-board. 

The PROPORTIONAL characteristic.—All air-operated con- 
trolle -oduce this “response.” It does just what this name 
impli gives output pressure changes proportional to 
moven of the pen. In Fig. 1, for example, the control 
nstrument is set so that each five divisions of pen move- 
ment gives an output change of 2 lbs./in.*. Moving the pen 
up five units increases the output from 10 to 12 lbs.; an- 
other five units raises it to 14 Ibs. and so on to the limit of 
supply pressure. Similarly, downward pen movement re- 


duces the output pressure proportionally. For any inter- 
mediate pen position there is a corresponding output pres- 


sure. 


(It is generally possible in air-operated controllers to 
reverse the action so that pen movement in one direction 
either increases or decreases the output. The action must be 
set so that the output change is applied to the process in 
the direction which tends to stop the pen movement. This, 
however, is fixed for any one job so does not really consti- 
tute an adjustment.) 


SENSITIVITY ADJUSTMENT 


Proportional control instruments also have another ad- 
justment for varying the amount of output change per unit 
pen movement. Fig. 2 shows the same instrument as Fig. 1 
but adjusted for twice the sensitivity. Each five divisions of 
pen movement now gives an output change of 4 lbs./in.? 
instead of two. It is with this sensitivity adjustment that 
we are primarily concerned. 

In order to compare the sensitivity of different control- 
lers, let us apply a unit which will not vary with the width 
of seale graduations. The chart scale of Figs. 1 and 2 (the 
original, not the illustration) has 15 divisions per inch; so 
we can say that the sensitivity in Fig. 1 is 6 lbs./in.? per 
ich of pen movement; and, in Fig. 2, the sensitivity is 12 
lbs./in.2/in. Some controllers of the so-called high-sensitivity 
type do not have sensitivity adjustment; it is fixed at about 
1000 Ibs./in.2/in. (1 Ib./in.2 for each 0.001” of pen travel). 
Others have a limited adjustment from 1000 down to about 
40 Ibs./in.2/in. Generally the adjustment will be found to 
cover a range from 1000 to about 2 or 3 lbs./in.?/in. 

The task of finding the correct sensitivity adjustment on 
the job is often facilitated if the relative sensitivity at dif- 
ferent positions of the adjusting mechanism is known. Some 
manufacturers calibrate this adjustment in terms of sen- 
sitivity directly; others in terms of “THROTTLING RANGE” 
which is reciprocally related to sensitivity. One is as good 
as the other as long as it is remembered that cutting the 
throttling range in half is the same as doubling the sen- 
sitivity. 

Sensitivity values on instruments without calibrated dials may 
be quickly determined. It is a good idea to do this for each type 


of instrument to be adjustea; noc necessarily to all instruments of 
the same type. To calibrate, adjust to the lowest sensitivity (or 
widest throttling range) and with the indicating element (pointer 
or pen) fixed at some point on the scale, move the setting-arm 
exactly one inch on the scale. (It is easier to move the setting-arm 
than to push the pointer or pen around.) Note the output change 
which occurs. If the output went from 7 to 10 Ibs./in.2, the sen- 
sitivity is obviously 3 lbs./in.2/in. Repeat at several higher sen- 
sitivity adjustments. As higher values are checked, the inch of 
setting-arm movement will call for output changes beyond the 
limits of supply pressure. Then move the setting-arm enough to 
make a 10-lb. change, say from 3 to 13. Measure the setting-arm 
movement required and divide 10 lIbs./in.2 by this distance in 
inches. A setting-arm movement of 4” would indicate a sensitiv- 
ity of 10/14” or 40 Ibs./in.2/in. 

Remember, the Proportional Characteristic is as described 
above, regardless of the controller make. The only differ- 
ence will be in the mechanism used and possibly in the line- 
arity of the characteristic. Nor does the Sensitivity Adjust- 
ment have a different effect if it is called Throttling Range. 
Only the numbers on one dial go up as the others go down. 
The mechanism for sensitivity adjustment may be different, 





Fig. 6 


the range of sensitivity covered and the ease and ¢ontin- 
uity of adjustment may be different, but it is still a sensi- 
tivity adjustment. 

STABILITY 

So far we have looked only at a control instrument— 
specifically, one with adjustable sensitivity of its propor- 
tional characteristic. Now let us hook this controller up to 
an average process and observe, on this same instrument, 
the effect of varying the sensitivity. We will apply identical 
“DISTURBANCES” to the same process, varying only the sen- 
sitivity adjustment. The disturbance will be comparable to 
opening the by-pass around the controlled heat-supply valve 
for a few moments, thereby adding a slug of heat to the 
process. Figs. 3 to 8 show the resulting “RECOVERY CURVES” 
traced by the pen. 

Look first at Fig. 6. For the average control application 
it represents the optimum stability. The decreased sensi- 
tivities of Figs. 7 and 8 give greater periods of oscillation 
and greater initial deviation. In Figs. 5 and 4, increased 
sensitivity produces less stability, shorter periods and less 
initial deviation. In Fig. 3 the sensitivity has been increased 
to a point at which sustained oscillation results—in other 
words, constant hunting. In still other words, an amplitude 
ratio of unity. 

STUDY THE WIGGLES! 


A useful measure of stability is called the “Amplitude 
Ratio” which is simply the amplitude of one swing of the 
pen, divided by the amplitude of the preceding swing in 
the same direction. Refer to Fig. 6 in which the first down- 
ward swing amounts to 56°, and second to 14°. The ampli- 
tude ratio is then 14/56 or 0.25. The amplitude ratio in 
Fig. 5 is 0.4 and in Fig. 7, about 0.08. The amplitude ratio 
of 0.25 in Fig. 6 is normally the best because of all the 
recovery curves, this one encloses about the least area. In 
other words the pen is away from the setting point the least 
distance for the least time. 


There are cases in which an amplitude ratio other than 0.25 is 
to be preferred. If initial deviation is more important than the 
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time required for recovery to stable control, the wiggle of Fig. 5 
might be desirable. If the more extreme movements of the con- 
trolled heat-supply valve, caused by the controller as adjusted in 
Fig. 6, upset later parts of the and if deviation is not 
important as stability, the lower sensitivity of Fig. 7 even Fig. 
& might be preferable. Liquid-level control of surge tanks is a good 
ple of But in general an amplitude ratio of 0.25 is 
t desirable. 


process, as 


or 


xan this case, 


mo 


LOAD ERROR (OR “‘DROOP” OR “OFFSET’’) 

The curves of Figs. 3 to 8 were initiated by a sudden dis- 
turbance; just a shot of heat. The output pressure required 
after the disturbance died out was in all cases the same 
is before it occurred. But usually the reason for having 
a controller in the first place is to try and limit the devia- 
tions which would otherwise be caused by changing flows 
into and out of the process. All of these disturbances which 
are not momentary but are sustained and which require 
changes in controller output are called “load changes.” The 
size of a process load change can be measured by the dif- 
ference in outputs before and after the load change. 








A proportional type controller to give one output 
when the pen is at the setting-point can only produce a dif- 
ferent output if the pen moves away from the setting-arm. 
The effect of a sudden load change on our process is shown 
on Figs. 9 to 14 inclusive. Note that in order to make the 
required output change of about 3 lbs./in.”, the pen settles 
out away from the setting-arm. Also note that the distance 
between pen and setting-point (or between pen and setting- 
arm) increases as the sensitivity is lowered: it varies about 
in proportion to the lowness of sensitivity. This distance 
would, of course, vary in proportion to the size of the load 
change and therefore is often called the LOAD ERROR. (It is 
known also by other names, among them “droop” and “off- 
set.”’) Cutting the sensitivity in two doubles the load error 
for the same load change. In adjusting the sensitivity, 
therefore, one must weigh two factors, stability and load 

Fig. 12 represents our optimum sensitivity regard- 
stability and the 3-lb. load change gives a load error 


set 





f about 24° at this sensitivity setting. An increase in 
sensitivity from 10 to 16 as in Fig. 11 decreases the load 
error to 15° but at the same time decreases the stability to 


a dangerous degree. A reduction in sensitivity (Fig. 13) 


increases stability but increases the load error. So the final 


sensitivity adjustment must be simply a compromise be- 
tween stability and load-error. Usually the oscillation with 
plitude ratio of 0.25 still represents about optimum 


of stability and load error. This stability is then 
lly the goal to shoot for. Keep the curves of Figs. 9 
to 14 in mind when adjusting sensitivity so that time will! 
not be wasted in searching for an adjustment which will 
give more stability with less load error. 





The curves of Figs. 3 to 14 were purposely made with 
large periods and amplitudes of oscillation to show their 
shape more clearly. The same pattern holds for processes 
giving small amplitudes or short periods or both. Also, sen- 
sitivity is relative; a value of 100 may be low for one proc- 
ess while a sensitivity of 1 or 2 (lbs./in.?/in.) may be too 
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high for another. We might have a process whicl 
cillations only one-tenth as large as those pictured 
a much shorter period. This process might give 


tude ratio of 0.25 at a sensitivity of say 100 inst: f 10 
but reducing the sensitivity to 20 would have ies 


effect on stability as the reduction from 10 to ‘ 
pictured process. 


After the correct sensitivity adjustment is found, t} 
mid-point or axis) adjustment must usually be mad 
and setting-arm agree at the normal load. For exampk 
troller output is around 10 Ibs./in.2 most of the day ar 


goes to 12 lbs./in.2 once in a 


while for a short time, the i: pee 
would normally be zeroed for 10 Ibs./in.2. If the load wey 
too large during the time the 12-lb. load prevailed, or 


were at each value for about an equal time, the instru 
set for 11, so that half the load error occurred on ¢ 
the setting point. At different loads a 
and can only be corrected on this 
adjustment made each time a load 
called “manual reset” against another controller cha; 
called “automatic “automatic correcti 
performs the operation automatically.) 


be 
load error is bour 

type of controller | ‘ 

change occurs. (Thi ’ } 

as : 


reset” or droop 


“ON-THE-JOB’’ EXAMPLES 

We are now ready to adjust a proportional type controller 
on another job. Before starting to twiddle 
knobs, let us establish one thing. Can the job stand wid 
oscillations during the time necessary to make the ad 
ment? If so, our task is easier and time 
us run an adjustment chart on this basis and then take the 
case where disturbances must be held to a minimum. 

Fig. 15 shows a typical chart during adjustment. The 
process was first running under manual control, that is, 
with the controlled heat-supply valve shut off and the “by- 
pass” valve set to hold the temperature at about 100°, the 
desired point. At 8:30 a.m. (lower right-hand corner), th 
automatic controller ‘was turned on, the by-pass closed and 
the controller sensitivity set at the highest possible value, 
which in this case was 1000 lbs./in.?/in. 

The hunting which ensued showed no signs of diminis! 
ing by 9:30 a.m., so the sensitivity was reduced to 100. This 
made no apparent difference and at 10:15 a.m. it was fur- 
ther reduced to 50. This cut the amplitude somewhat but 
the amplitude ratio was still 1.0 (sustained oscillatior At 
11:15 a.m. the sensitivity was reduced to 20, whic! 
duced a damped oscillation. It was decided at 1:50 p.n 
check the adjustment, so a disturbance was created by tu 
ing the setting-arm up to 125° for a few seconds. Thé 
sulting oscillation was too small to readily show stal 
so a larger disturbance was made at 2:00 p.m. by leaving 
the setting-arm at 125° for a longer period of time. Th« 
plitude ratio was so nearly 0.25 that no further adjustment 
of sensitivity was required. The setting-arm and pen did 
not agree by about 3°, so a zero adjustment was mad 
3:15 to bring pen and setting-arm together with the 
quired output which happened to be 9 Ibs./in.°. 


adjustment 


will be saved. Let 


7 


It sometimes happens that the best sensitivity adjustment Is 
found at first try. Hours or days later, when the controll s 
working at a different load, stability may decrease even t 
point of giving sustained oscillation. If this occurs it simply nm 
that another determination of sensitivity must be made. For 
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, sensitivity of 20 found in Fig. 15 later gave less 
mole, ™ new determination established that a sensitivity of 
ed to give the best amplitude ratio, it would mean 
ae tivity had to be adjusted to 10 in order to give sta- 
, ae he more difficult load condition. Many otherwise fine 
eondltee n have driven themselves to drink just because they 
1 ti iust sensitivity every time a load change occurred 
: oe 1 ding the lowest required value and realizing that it 
,djustment. The sensitivity must always be adjusted 
l \w enough to give stability under the worst load con- 
} this reason it is a good idea to keep a record of sen- 
istments found on each job. For example, the process 
ight be excessively stable the day following the first 
nd a check show that a sensitivity of 40 was correct. 
the notebook would show this value to be excessively 
load returned to the original value so the sensi- 
itv W li] be left at 20. 


Fig. 15 


When excessive oscillation cannot be tolerated during 
adjustment, more care must be exercised. Fig. 16 shows a 
typical adjustment chart on such a job. The process was 
under manual control until 6:45 a.m., at which time the 
controller was put in operation. It was adjusted to the low 
sensitivity of 2 lbs./in.2/in. and the zero adjusted for 8 
lbs./in.2 with pen and setting-arm together since this gave 
the estimated required opening of the controlled valve or 
damper. When the controller was cut on at 6:45, the tem- 
perature started to rise, indicating that the estimated valve 
pening was excessive, so the setting-arm was moved to a 
lower temperature in order to close the valve somewhat. By 
cut-and-try manipulation of the setting-arm, the tempera- 
ture was brought back near 100° at which time the output 
was observed to be 9 lbs./in.2. The setting-arm was placed 
ry the pen and the zero adjusted for 9 Ibs./in.2 instead 
f 8. 

At 8:00 a.m. a disturbance was made by temporarily 
moving the setting-arm up to 150°. This gave an increased 
valve opening for a short time. The resulting recovery 


curve was quite stable, indicating that the sensitivity could 
be raised. 

At this point, time spent in calibrating the sensitivity 
adjustment starts to pay off. Even though care is necessary 
on this job we know that a large increase in sensitivity can 
be made because the 8:00 a.m. stability is even greater than 
that in Fig. 9, and on that process the sensitivity was made 
five times as high before the required stability of Fig. 6 
was obtained. So we are perfectly safe in doubling the sen- 
sitivity. Accordingly adjustment to 4 lbs./in.*/in. was made 
and a disturbance created at 9:15. The disturbance was 
hardly large enough but it could be observed that the sta- 
bility was still excessive, so the sensitivity was again dou- 
bled to 8 at 9:45. This recovery curve began to show a little 





Fig. 16 


oscillation so the next increase at 10:20 was only to 12, 
further raised to 15 at 11:00 am. The amplitude ratio 
of 0.1 was still short of that desired so the sensitivity was 
increased to 25 at 12:15 p.m. This increased the amplitude 
ratio too much so the sensitivity was dropped to 20 and 
checked. At this point an amplitude ratio of about 0.25 re- 
sulted. Since the instrument had already been zeroed for 
9 Ibs./in.2, pen and setting-arm agreed. Note that the sensi- 
tivity adjustment found by this method was exactly the 
same as that determined by the less careful procedure. 

Don’t be in awe of automatic controllers: they are com- 
mon-sense gadgets and not the least bit mysterious. Remem- 
ber the foregoing picture of proportional control and its 
sensitivity when you must adjust an instrument; study the 
instructions to identify the principal adjustments on the 
particular mechanism,.then walk right up and adjust the 
controller. Follow one of the recommended procedures and 
see if better results are not obtained more quickly than by 
cut-and-try methods. 


Parts 2 and 3, on other adjustments, will appear in an early issue 


Cover Photo: Monsanto’s Texas City Styrene Plant 


In this control room the most minute operation is recorded and adjustments are made 
in the manufacture of styrene, one of the raw materials essential to making Buna-S 
synthetic rubber. This control room is in the dehydrogenation unit at the Texas City, 
Texas, styrene plant which was built and is operated as part of the government’s fast- 


developing synthetic rubber program. 


The distillation tower which stands the equivalent of a twenty-story office building 


is the plant’s major unit. 


The Texas City plant was designed, built and is being operated by Monsanto Chemi- 
cal Company. It was brought from basic construction to production in the period of 
seven days less than one year. (The first tank car of styrene left Texas City on March 
10, 1943. Basic construction had begun on March 17, 1942.) Soon, the plant will pro- 
duce a large part of all styrene required in the government’s synthetic rubber program. 


4 


July 1943—IJnstruments—Page 397 





Recovery-curve Graphs for Properly Adjusting 
Air-operated Automatic Controllers 


To the Editor of Instruments: 

After delving into some of the mathematics 
of process control, I found that I obtained a 
much better general idea of the proper adjust- 
ment of pneumatic-relay type automatic con- 
trol instruments by the use of a series of 
graphs representing the changes in “output 
pressure” away from the “control pressure” 
when a load change occurs in the process be- 
ing controlled. 

[Eprror’s Note.—The “output pressure” is the 
pressure from the pilot air valve to the controlled 
diaphragm-motor valve at any instant; the “control 
pressure” is the particular value of the output pres- 
sure necessary to hold the temperature (or other 
controlled variable) at the setting-point or “control 
point.” —M.F.B.] 

These graphs having helped me to obtain 
better results, I am submitting them in the 
hope that you will consider them sufficiently 
helpful to other subscribers to be worth print- 
ing. 

{Epitor’s Note.—We did not accept Mr. Kumm’s 
graphs as first submitted because some of the terms 
in his original captions were so new and strange to 
us that we could not understand them and—since 
they had never been used in Instruments—we natu- 
rally believed that most of our subscribers would 
not understand them either. We faithfully traced 
Mr. Kumm’s graphs, but in the lettering we made 
several substitutions and numerous additions. Mr. 
Kumm has fully approved all of our alterations and 
additions. He has approved also our changes of ter- 
minology in his letter.—M_F.B.] 

The type of automatic controller which is 
the subject of this study is made by various 
firms under various names. It is neither the 
simple on-off type nor the simple proportional- 
corrective-action type but the more elaborate 
type with “automatic reset” and “derivative” 
characteristics. Instrument men will recognize 
these three control-instrument characteristics 
or responses: Taylor Instrument Companies’ 
“Sensitivity,” “Reset,” and “Preact”; Fox- 
boro’s “Proportional Band” and “Hyper-Reset” 
(“reset rate” and “derivative” action together), 
Leeds & Northrup’s “Throttling Range” and 
“Droop-Correction,” and so on for other man- 
ufacturers. 

It is important to notice mainly two items 
in Fig. 1 which represents the curve for the 
output pressure due to the “proportional” 
characteristic of the automatic controller. 
These two items are: (1) the corrective action 
which is proportional to the load change which 
acts only so long as the measuring device tells 
it to act and (2) an inevitable amount of over- 
compensation which will cause cycling. In this 
curve (Fig. 1) it should also be noted that we 
get a final output pressure whose difference 
from the original control pressure is directly 
proportional to the load change. The curve 
shown the output pressure, but in a 
“straight - proportional - acting” controller, it 
also will represent the action of the indicating 


is 


element (i.e., the pointer) away from the control point. 
Thus, when a load change comes along, it is necessary for 
the indicating pointer to move away from the “control 
or “setting arm” of the control instrument so that 
this instrument will detect that it is not on the control 
point and thus may maintain a control pressure different 
from that before the load change. Now, if the load change 


’ 


pointer’ 
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1. Air pressure to controlled valve (output pressure”) 
“Proportional” controler character/'stiz 
rve depends largely on size and 
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set the setting-arm and indicating pointer together 1! 
new output pressure. 
If the load changes are many, it may be necessa 

have the instrument automatically resetting itself. 
reset action gives an additive rate of change of output pr 
sure change proportional to the deviation of the meast 


is rather permanent, the instrument man should proper!) 
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rr. sure due to “reset” and “proportional” charac- 
sate Fig 3) illustrates a typical difficulty one experi- 
aay “reset” —namely, cycling of the process which 
prise: ‘ eases, remains constant, or decreases with time 
som on how much too large the “reset rate” is. The 
eager the pressure change due to “reset” is always 
seal compared to the extent of the “proportional” correc- 
Live action in all usual cases. It is easy to see by the curve 
of Fig. 3 that any “reset” used on a control involving ap- 


ble delays due to side capacities, etc., should be 
yjewed with caution as slightly too much “reset” will cause 
bad cycling. “Reset” serves a useful purpose when lags and 
side capacities are small but load changes are large and 
the use of a “high sensitivity” (“narrow throttling range’’) 
gives essentially an on-off mode of control. Here, “medium 
sensitivity with reset” should and does hold a control point 
much better. A flow controller is a typical example of 
where a “reset rate” can be used to advantage. 

In Fig. 4 it should be noted that the output pressure 
curve due to the “proportional” characteristic and a small 
“reset” will not go back to the original control point but 
will go up to a new control point which will force the tem- 
perature back to the original control point. 

In Figs. 5 and 6, it should be noted that C is larger than 
B as the decrease in the line is also caused by the slug A 
given at the beginning. If the “derivative rate” is set 
right, the amount of C under the control point should be 
negligible. Otherwise if we set the “derivative rate” too 
high, we would get oscillations due to this cause. Thus we 
see that on long time lags, the “derivative” characteristic 
should help out a good deal. 

From Fig. 7 we find that the amount of actual pressure 
change due to “reset” must be kept small in regard to the 
amount of actual pressure change caused by the “deriva- 
tive’ action if one is to keep away from cycling and bad 
control. From this, it appears that a practical way to adjust 
an instrument would be to adjust its “proportional” action, 
then its “derivative” action, and then add only enough 


precia 


“reset” to bring the indicating pointer to the setting arm 
in a reasonable amount of time. The “proportional” and 
“derivative” actions are both adjusted just under the point 
that cycling will take place. This will give the most eco- 
nomical adjustment for a given load as it will give the least 
area of the curve away from the control point. For other 
loads, the instrument must be set again for the most eco- 
nomical operation as the side capacities change in size. 
Consequently, on an operation where load changes occur, 
the “sensitivity,” “reset,” and “derivative” characteristics 
must be set low enough not to cause the instrument to cycle 
at any load expected. Setting the characteristics so that for 
a small load change each succeeding cycle is one-fourth the 
size of the preceding cycle is usually quite good. 


EMERSON L. KUMM 
Instrument Engineer 


Torrance, Calif. 
May 5, 1948. 


[FINAL NoTe.—It is hoped that Mr. Kumm 
will elaborate this thought-provoking letter 
into a full-length article. His approach differs 
from that of Mr. Ziegler (see pages 394-397) 
who lumps together, under “process lag,” all 
lags and delays, due to the application and to 
the controller itself, which delay the effect of 
a change of “output pressure” upon the “pen.” 
Mr. Kumm analyzes time elements, stimulat- 


(Portion of Fig. 3) 
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ing readers to make deductions. Consider, for example, the be- 
havior of the controller’s measuring system: its pen does not even 
start to move until Dm minutes after the process temperature 
shoots up. (The controller, therefore, always acts too late.) It is 
interesting to try to deduce, from this pen behavior, the course of 
THE TRUE TEMPERATURE: in a complex multi-stage process (Mr 


Kumm is with a famous chemical company) it might be the 
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odie oscillation we have drawn !—MFB 


Solving Control-valve Pressure-drop Problems 


By H. C. McRAE 
Research Engineer, The North American Mfg. Co., Cleveland, Ohio 


of events, beginning and ending with the primary 

measuring element such as a thermocouple. A mes- 
sage is sent from the primary element to the “instrument” 
part, which in turn commands a motor which operates a 
final element such as a valve, switch or rheostat. A change 
in the flow of a fluid or electricity results, causing in turn, 
a change in heat flow which is detected as a change in 
temperature by the thermocouple. 

This discussion will be limited to temperature control 
with the use of valves for controlling flow, although it will 
apply to any other application where an instrument com- 
mands a valve. 

Depending upon the temperature variation permitted and 
such variables as door openings or changes in heating loads, 
there are available several types of instruments with vari- 
ous degrees of refinement to meet the various needs. This 
subject has been discussed rather thoroughly and need not 
be repeated here. It is the purpose of this article to illus- 
trate the role of the valve. Just as there are various instru- 
ments, so there are valves with various degrees of refine- 
ment to be used with these instruments. Too often the 
proper instrument is chosen, only to have its accuracy de- 
feated by incorrect choice of valve. 

For two-, three-, or four-position control, the valve re- 
quirements are relatively simple. The proper fixed positions 
of the valve are found to give the desired flow rates. The 
valve chosen must have enough capacity to meet the largest 
flow and minimal leak to meet the smallest flow. 


ae pntiows CONTROL has been described as a circle 


For throttling control, when the valve is moved to any 
or an infinite number of positions, it must have, in addition 
to adequate maximum capacity and minimum leak, a third 
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property known as a good flow characteristic curve. A flow 
curve is shown in Fig. 1 which is simply the percent flow 
plotted against the percent opening of the valve. At the 
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half-open valve position (50%) the flow 1s 65% of that 
when the valve is full open. 





In Fig. 2 are shown three different flow curves. Curve A 
is a common but undesirable curve. Between points d and f 
the curve is too steep, slight movement of the valve causing 
a greater change in flow than is expected by the instru- 
ment. This will in effect approach two-position control as 
the flow will continuously overshoot and undershoot the 
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correct value. From f to e the curve is too flat and the flow 
is likely to “drop” from the proper value. Curve B, a 
straight line, gives equal changes in flow over the whole 
range of the valve movement. This is the curve which most 
instrument companies strive for in practice. 






In most combustion chambers, as the flow is increased 
the flue temperature rises, causing lower combustion effi- 
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ciency or less heat transfer for a given amount of fuel 
input. This means that at the larger valve openings it takes 
a greater increase in flow for a given valve movement to 
get the same increment in heat flow as obtained at a smaller 
valve opening. Such a condition is given as curve C. The 
same curve is shown again in Fig. 3 as a straight line be- 
cause the percent heat transmitted is plotted instead of the 
percent flow. Curve C, then, is well suited for many appli- 
cations. Ideally the instrument should control all things 
which cause heat to flow towards as away from the thermo- 
couple, such as a change in load, but, of course, this is im- 
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possible. The best approach to true control i; 


Contro| 
heat flow from the burners. ’ 





The answer to the valve problem seems sim; 













merely a matter of proper valve port construct ’ a 
duce the proper curve. However, there is a “fly the el 
ment.” The flow curve is not determined solely by the wale 
itself. The remainder of the piping circuit, in: iding the 
mixers, burners and piping, also affects the flow curve Ad 
inherent valve flow curve 1s defined as the curv; resulting 
with constant pressure drop across the valve, This is usp 
ally determined by testing a valve with constant pressure 






upstream and discharge directly to atmosphere. Ip valve 
practice the inherent flow curve is distorted because th 
pressure drop across the valve is not a constant. There art 
various methods available for determining the resultant 
flow curve from the inherent curve and the remainder of 
the piping circuit.* Fig. 4 shows three curves from th 
same valve in different circuits. The greater the pressurd 
drop of the valve in the wide-open position or the smalle 
the valve is with respect to the rest of the circuit, the close 
is the approach to the inherent curve where all of the pres 
sure drop is across the valve. In practice it often igs neces 
sary to allow only a small drop across the valve to obtai 
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sufficient capacity. This results in greater distortion and 
poor curve such as shown at curve z. To repeat, the choic 
of a valve for throttling control is usually based upon 
compromise between sufficient capacity (small drop) a 
the choice of a good flow curve. Since these requirement 
are obtained by opposite means, they are difficult to meet 

It is possible to build, for every circuit, a special val\ 
which would give sufficient capacity and at the same tim4 
produce any desired flow curve, but, of course, this is! 
commercially practicable. 

At this stage of development it was up to research t 
do the impossible. The problem was fourfold: to produc 
valve which (1) would give any flow curve desired, (2 
could be changed easily from one curve to another withou 
removing the valve, (3) would operate independently of t! 
circuit, and (4) would have no pressure drop in the fu 
open position. 











)) 


It has long been known that pressure regulators, unlik 
valves, operate in a manner which is independent of th 
piping circuit, that is to say, a pressure regulator contr 


a pressure at a given point in a circuit regardless of wa 


Concluded on page 
*J. C. Peters, “Getting the Most Out of Automatic Cont 
Leeds and Northrup Co., 1941. 
Cc. E. Mason, “Principles of Controlled Valve Reactio Fox 


boro Co., 1930. 
H. C. McRae, “Low-pressure Gas Flow Analyzing by 
ance Theory.” Industrial Gas, March 1941. 
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SPECIAL 
FEATURES 


Extremely Compact: 18” long, 13” wide; 
12” high. Weight— 70 pounds. Electrically 
and mechanically balanced, with even weight 
distribution. 
Portable. Hand holes for easy carrying. 
Multiple Signal Range. As many as 14 
90 100 signals can be seen and recorded at the same 
time. Records can be made any length. 
Timing. Timing lines spaced at intervals of 
0.01 second are photographed with trace 







Portable Recording Oscillograph 


For years the Type 5-101 Consolidated Portable Recording Oscillograph 
has been recognized as a high precision instrument offering the greatest 
completeness and simplicity of operation. Type 5-101A is the result of a 
thorough study of users’ needs in meeting the most exacting requirements of 
modern test work. It retains all the features of the old model and provides 
the following important improvements. 

Heavy Tenth Timing Lines—Every tenth line is distinctly heavier. This 




























stortion and record . f ti | h | 

ms oi at ‘ ; L ermits easy measurement of time intervals without counting large 

— the choi Daylight Loading and Unloading. P b Pk g g 

pased upor Magazines hold up to 200 feet of paper 8” ae a See 

all drop) anf wide. Footage meter on front panel shows Power Requirements Substantially Reduced—New Illuminating Meth- 

en length of unexposed paper. ods cut power needs to a minimum, keep internal temperature low. 

icu t to met Three Paper ot rosa — 4 — New Type Galvanometer—Type 7-110 has sufficient sensitivity to 

special vali speeds may be used in the ratio of 1-2-4. ‘ : : : 

sa essme tim Standard speeds, 4-8-16 inches per second. record output of wire strain gages to 20 c.p.s. without an amplifier. 

‘e. this is nol SPecial speeds up to 50 inches per second. External Shock Mounting Base—This feature is very advantageous 
Automatie Operation. By single switch 2 in rough landing tests or severe service as shock mounts are in the 
foot records are recorded, numbered and plane of the c g 

Oo research t titled. . : ‘ ; . 

to produc feelin: Sib end teed genale eutly On special order this instrument is available as Type 5-107—for complete 

desired, (2 removable. All internal parts within easy operation from 110 v. 60 cycle A.C. lines. All other characteristics are 

other withoug reach. unchanged. 

dently of tl Convenient Controls. All controls assem- Write for additional information! 

» in the fu bled on one panel. 
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Self-recording, Semi-automatic Mechanized 


Electrometric Titrations 


With Special Reference to Control of Gasoline Refining 
By D. J. POMPEO, C. J. PENTHER and K. E. HALLIKAINEN 


Shell Development Company, Emeryville, California 


SUMMARY. An instrument is described 
that automatically records on a chart 
the mercaptan sulphur content of a 
treated gasoline in the range of zero to 
0.001%. It is only necessary for an op- 
erator to place a measured amount of 
gasoline in the titrating vessel and to 
press a button to start the titration. 
Reproducibility is of the order of + 2% 
of full-scale value with an absolute 
error of = 5% in mercaptan content. 


HE adoption by certain refineries 
"Tor the solutizer process!. 2 for the 

removal of mercaptan sulphur 
from gasoline requires an accurate 
measurement of the mercaptans present 
in the treated gasoline for proper con- 
trol of the process. One of the control 
methods in use was the doctor test; but 
this was not entirely satisfactory be- 
cause a sample of treated gasoline con- 
taining, for example, 0.0003% of mer- 
captan sulphur may occasionally be 
sour to the doctor test while one of 
0.0004% on another sample may be 
sweet. 

The potentiometric method described 
by Tamele and Ryland® for determina- 
tion of mercaptans, as modified by 
Lykken and Tuemmler* to use the 
glass-silver electrode system for the de- 
termination of the end point has been 
satisfactorily applied for laboratory 
control of the solutizer process. How- 
ever, the potentiometric method of anal- 
ysis requires considerable manipulation 
by an experienced operator, including 
the plotting of a titration curve. For 
control of the plant this was not con- 
sidered advisable and an automatic re- 
cording device was desired from which 
the mercaptan content could be ob- 
tained directly on a chart. 

Tests showed that consistent results 
could be obtained if the titrations were 
made to a given voltage, selected for 
the particular type of gasoline; thus it 
was found unnecessary to plot a titra- 
tion curve. This simplified the record- 
ing system because a vacuum tube elec- 
trometer with a relay for stopping the 

(1)D. L. Yabroff & L. E. Border. The 
Solutizer Process for the Extraction of Mer- 
captans. Refiner and Natural Gasoline Man- 
ufacturer, Vol. 18, 1939, pages 171-176, 203. 

(2)D. L. Yabroff & E. R. White. Action 
of Solutizers in Mercaptan Extraction. Jn- 
dustrial & Engineering Chemistry, Vol. 32, 
1940, pages 950-953. 

(3)M. W. Tamele & Lloyd B. Ryland. Po- 
tentiometric Determination of Mercaptans. 
Industrial &€ Engineering Chemistry, Ana- 
lytical Edition, Vol. 8, 1936, pages 16-19. 

(4)L. Lykken & F. D. Tuemmler. Glass 
Electrode as a Reference Electrode in Elec- 
trometric Titrations. Industrial € Engineer- 
ing Chemistry, Analytical Edition, Vol. 14, 
1942, pages 67-69. 
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titration at the selected voltage, togeth- 
er with an automatic recording burette, 
would suffice. 

Accordingly, an instrument was de- 
veloped based on a mechanized poten- 
tiometric titration of mercaptan with 
alcoholic silver nitrate. This requires 


rp VENTED STOPPER 


precision-bore tubing. A magn: 
connects the burette to a capillary tube 
which regulates the drop size. A side 
arm and another magnetic valve ¢op. 
nect a 50-ml. reservoir to the burette. 
The contact point B follows the liquid 
level as silver nitrate is added during 
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only that an operator introduce meas- 
ured amounts of gasoline and conduct- 
ing medium into the titrating vessel, 
place the vessel in the apparatus and 
press a button to start the titration. 
The percent mercaptan is read directly 
from a chart calibrated for the range 
0 to 0.001% mercaptan. The reproduc- 
ibility of the titration is of the order of 
+ 2% of full scale with an absolute 
error of + 5% of the mercaptan sul- 
phur, which is entirely satisfactory for 
the purpose. An analysis can be made 
in 2 to 12 minutes depending on the 
amount of mercaptan present in the 
sample. 

The apparatus, shown schematically 
in Fig. 1, consists of four parts as 
follows: 


Automatic burette and glass valves 
the 


(1) 
(2) Relay 


automatic burette 


circuits for operating 


(3) Electrometer for determining the 
glass-silver electrode potentials. 

(4) The millivolt 
control circuit. 

(1) Automatic Burette. This burette 
is a 3” length of 0.250” inside diameter 


indicator and relay 


ah oe eee 
$$ ar } 
BURET : 


| 
| CONTROL CIRCUIT 
| (SEE FIGURE 2) 


leona 


ee | 


ELECTROMETER 
CIRCUIT 
(SEE FIGURE 2) 
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the titration, and in so doing causes the 
pen arm to swing through an arc pro- 
portional to the silver nitrate used. Th 
linkage between the moving contact B 
and the pen is a violin string. 

The “drop” valve is actuated every 
7% seconds by a cam-operated switch 
driven by a small clock motor. The open 
time, together with the capillary diam- 
eter, determines the drop size. From 
five to eight drops per tenth milliliter 
have been found a satisfactory con- 
promise between total time for a 
tion and sufficient time for equilibrium 
between drops. At the completion of a 
titration, the “drop” valve is automati- 
cally held closed while the refill valve is 
held open until the burette has filled 
and the recorder pen returned to z 

The valve seats shown in Fig. 
ground with a brass tool having a ta- 
pered end of 90° included angle. The 
glass ball of each check valve is formed 
on the end of the glass tube by spinning 
this in a lathe and working the end 
with a carbon rod while heating with a 
small flame. For grinding the end of the 
check valve, a copper tool is used con- 
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:emispherical depression 
.ssing into the copper a 
-er steel ball. The first ball 
ind the final seat is made 


jning 
ade by 
125” dia 







discara: 
th a ne ill. In each case a separate 
}] should be used for each grit of car- 
prundum flour from number 302 to 
gu, T! dnal seat between matched 
ass pairs is made with rouge. There 
ould be a line of contact between the 
smispherical end and the 90° seat. 
ne valves should not leak when tested 
ith alcohol. 


(2) Relay Circuits. The contact B is 
to follow the silver nitrate 

by a system consisting of an 
lectronic relay (5-microamp. contact 
rrent), 2 single-make contact pri- 
ary relay and a multi-contact double- 
row secondary relay. A full-range 
viteh and a zero-limit switch are also 


aused 
heniscus 









rovided. 
(3) Electrometer. The potential 


type of vacuum tube electrometer suit- 
able for measuring glass electrode po- 
tential, capable of operating a millivolt 
type of indicator. In this application 
the circuit described by Penther and 
Rolfson,® simplified as shown in Fig. 2, 
has been used to good advantage. 

(4) Indicator and Relay Circuit. A 
Wheelco “Limitrol” was adapted as a 
combined indicating meter and master 
relay. The scale was calibrated from 
+200 mv. to zero to -300 mv. This in- 
strument is provided with an adjust- 
able pointer that can be set at any po- 
sition on the scale, thus determining 
the point at which the relay operates. 
This setting is at the value chosen as 
the titration end-point, usually about 
-250 mv. 

Safety Features. In designing this 
instrument, special consideration was 


~ (5)C. J. Penther & F. B. Rolfson. Dual 
Alternating Current Titrometer. Industrial 
é& Engineering Chemistry, Analytical Edi- 


given to making it explosion-proof so 
that it could be used in hazardous areas 
in a refinery. To this end the relays 
and other parts having make-and-break 
contacts were housed within the cabinet 
which was made as nearly air-tight as 
practicable. Air from a compressed air 
line, at approx. 1” water pressure, is 
applied to the cabinet through a simple 
reduction valve. A water manometer 
serves aS a pressure indicator as well 
as a safety valve protecting the cabinet 
from excessive pressure. Since a posi- 
tive pressure is always maintained in 
the cabinet there is little chance of an 
explosive mixture entering and the ex- 
plosion hazard is practically eliminated. 
A photograph of the instrument is 
shown in Fig. 3. The potentiometric 
stand and assembly is similar to that 

described by Lykken and Rolfson.® 
Continued on page 440 


~(6)L. Lykken & F. B. Rolfson. Potenti- 
ometric Titration Stand Assembly. Indus- 
trial & Engineering Chemistry, Analytical 




















































































































































































































































































































































































































































































































easuring device can be any standard ion, Vol. 15, 1943, pages 337-340. Edition, Vol. 13, 1941, pages 653-655. 
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Testing Wattmeters With One Potentiometer 


By MORRIS UNDERWOOD 


Laboratory Technician, Indianapolis Power & Light Co., Indianapolis, Indiana. 


necessary to keep the applied poten- 

tial at a certain value while the cur- 
rent is being measured. This may be 
accomplished by the use of two poten- 
tiometers—one used to set and hold the 
applied potential and the other to 
measure the potential drop across a 


I: making tests on wattmeters, it is 





45 14 13 


lated to a certain definite value. Then, 
after operating only one switch, the 
current may be measured in the usual 
manner. It is possible to check the po- 
tential at the wattmeter without dis- 
turbing the setting of the potentiom- 
eter dial and slider. 

The diagram herewith shows the cir- 


tempt to apply the standard 
result in an error depending on the y 
tential difference between the nom 
standard cell tap (to 0.5-volt tap) an 
the position of the lower plug. Thi 
however, would be so large an error, 
to cause the operator to check the cos 
nections and locate the trouble. 
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standard resistor. If only one normal 
potentiometer is used, the main dial 
and slider need to be reset for each 
reading. 

The studs on the main dial of the 
Leeds & Northrup Type K Potentiom- 
eter are drilled for the insertion of two 
small plugs on cords originally supplied 
with the potentiometer. The fixed po- 
tential thus obtained can be opposed to 
the potential drop on the low side of 
the volt box and the potential regu- 


cuit used to accomplish the desired re- 
sult. 

The internal damping resistance had 
to be removed since it would connect 
the galvanometer across a portion of 
the battery circuit if the standard cell 
were applied while the “Potentiometer” 
switch was closed to the “Volt Box” 
side for a potential check. The damping 
resistance was restored externally by 
adding a new terminal for it. Even 
with the damping circuit open, an at- 


remedy is to apply the standard 
only while the “Potentiometer” switel 
is closed on the “Shunt” side. 

When the “Volt Box” switch is closed 
on the “Slider” side the potentiomete 
is used in the normal manner. 

This circuit may also be used t 
check four-terminal shunts, only o 
operator being necessary. Connect th 
potential studs of the shunt to the ter 
minals normally used for the low sid 
of the volt box and use the 0.16-vo 
range of the potentiometer. Adjust the 
current until the millivolt drop of thal 
shunt is at the predetermined value 
then measure the current using a stand 
ard resistor. 

The circuit described above has been 
used in the Meter & Relay Departmen 
Laboratory for several years with high- 
ly satisfactory results. 

We wish to thank the Leeds & North- 
rup Company for their suggestions for 
the development of this circuit. 
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FEATURES 






DuMont Type 5JP1 intensifier-type cathode-ray tube 
for brilliant, easy-reading oscillograms. 


Y-axis or vertical deflection response uniform from 
20 c.p.s. to 2 mc. Comparable faithful square and sinu- 
soidal wave response. 


X-axis or horizontal deflection amplifier with uniform 
response to 100 kc. 


Both amplifiers have input attenuators and distortion- 
less gain controls. 
Y-amplifier has input connection for test probe and shielded 
cable supplied with instrument, reducing input capacitance 
and eliminating usual stray pickup. 
Z-axis amplifier modulates intensity of electron beam with 
signal applied to input terminal post, or with return trace- 
blanking pulse produced by linear-time-base generator. 


All high-voltage electrolytic capacitors eliminated from 
circuit. 


1714.” high; 1034” wide; 21” deep. 65 lbs. 





ALLEN B. DU MONT 
LABORATORIES, Inc. 


Passaic + New Jersey 
1ble Address. Wespexlin. New Y 
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The Gage that “Weighs” Shell Forgings 


By RAYMOND J. FITNESS 
Manager in Charge of Manufacturing, Willys-Overiand Motors, Toledo, Ohio 


herein has saved Willys-Overland 

Motors more than a million and a 
half pounds of steel and over fifteen 
thousand man-hours in the production 
of 155mm. shells. After this gage went 
into use at the Willys plant, only 200 
shells out of a production of one million 
were rejected by the Army. If the pre- 
vious rate of rejection had been con- 
tinued, nearly 3,500 per million would 
have failed to meet Army requirements. 
It was no surprise to us that this gage 
enjoyed nation-wide acclaim last month 
when its co-designers, Frank Speke and 
Clarence Reynolds, received one of the 
four major prizes presented annually 
by American Design Award Commit- 
tee.* 

In evaluating the worth of this gage, 
it is necessary to sketch briefly the 
manufacturing problem solved by the 
Speke and Reynolds invention. 

Willys-Overland was the first com- 
pany to undertake the manufacture of 
the 155mm. shell on a mass production 
basis using the forge method of produc- 
tion. New methods had to be developed. 
The most difficult problem was that of 
the shell cavity, which controls all the 
dimensions of the shell. Despite the use 
of the most accurate forging processes, 


Ti date, the shell gage described 


*Other recipients of the $1000 awards: 
Igor Sikorsky, for his successful helicopter ; 
Edwin Goldfield, who developed the mobile 
x-ray unit now used in the field by the 
Army, and William Gibbs, who designed the 
Liberty ships. 


it is not possible to hold the forged 
cavity of the shell to close tolerances, 
Therefore it was difficult to maintain a 
finished weight of the shell which would 
pass rigid weight inspection. Necessity 
for small weight tolerance stems from 
requirements for absolute accuracy in 
firing. When captured German officers 
in Tunisia spoke with awe of our artil- 
lery’s accuracy, they were unwittingly 
complimenting the strictness of the 
Army Ordnance weight inspection. 

Charged with the responsibility of 
solving this weight problem were the 
chief inspectors of the 155mm. shell 
manufacturing departments, Frank 
Speke and Clarence Reynolds. They 
worked on the problem for three months 
and, after weeks of experimentation 
and mathematical computations, they 
had ready for use a cavity gage which 
indicates variations in the dimensions 
of the forged shell cavity. The actual 
work on building the first gage was 
done in Speke’s home workshop during 
evenings. 

The shell cavity (see Fig. 2) consists 
of a straight portion which blends into 
a taper portion, both of which affect the 
ultimate weight of the finished shell. 
The difficulty of devising an instrument 
to measure such a cavity in one quick 
operation is apparent. 

The gage developed by Speke and 
Reynolds consists of a three-point bear- 
ing in the taper portion, the diameter 
of which is measured by a sliding rod 


projection to the bottom of the cayity 
The straight portion of tl cavity | 
measured by three expanding pins op 
erated by a taper cone which js con 
centric with the depth rod of the tape 
portion. The taper of the cone ig gy. 
that it has the correct proportion jy 
weight between the straight and tape 
portions of the cavity. The tube oper 
ating the cone, at its outer end, carried 
a head which is marked off in divigiong 
of weight. 

The operating rod which checks th 
taper portion carries the index line, By 
this means the weight of the taper and 
of the straight portion are compounded 
into the correct dimensional weight of 
the entire cavity. In simple terms, thd 
gage measures the plus or minus weigh 
of the shell cavity. 

In use on the machine line as the 
shell forging comes from the forge di- 
vision, the weight divisions of the gage 
are painted with dots of six different 
colors. The operator, in sliding the gage 
into the cavity, can tell at a glance 
which color is indicated. The shell is 
then marked with the appropriate color 
by a daub of paint. This gives the op- 
erator of the nosing press the informa- 
tion he needs to bring the shell to the 
desired finished weight within the close 
tolerances required by government in- 
spection. 

The gage is designed and built in 
such a manner that it will take hard 
usage. It has simple adjustments for 
wear. It is light enough to be used rap- 
idly on the production line. At this 
writing it is being used by nine other 
manufacturers of medium artillery 
shells. 
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ig. 2. Details of the shell cavity gage. 
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ig. 3. Speke (left) and Reynolds (center). 
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Oui one American in many thousands 


is privileged to wear the “E” pin, symbolic 
of high achievement on the production 
front. It symbolizes skill and determina- 
tion above and beyond the high average 
standard set by American Industry.» » The 
men and women of Connecticut Telephone 
& Electric Division have been honored by 
the Army-Navy Production Award twice 


in a period of six months. This symbol 


THE SKILL coed THE WILL 


of a job being well done in the cause of 
Victory is evidence, too, of what may be 
expected when the war is won.’ 77 The 
manufacturer seeking cooperation in 
product engineering and improvement, 
the development of production control, or 
any problem involving the application of 
advanced electrical or electronic knowl- 
edge, is cordially invited to discuss the 


matter with our engineering staff. 


CONN. 


NOUSTRIES 


© 1943 G.A.IL., Inc., Meriden, Conn. 


ENGINEERING & PRODUCTION 
ELREFRICAL EQUIP MERE 


I GN, 
PRECISION 


nolds (center). 
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ELECTRON TUBES 


Their Principles and Their Instrumentation Applications 


By ANDREW W. KRAMER 
Managing Editor, Power Plant Engineering, Chicago, IIl. 


CHAPTER IV 
THE TRIODE AS AN AMPLIFIER 

The two-electrode tube considered in the preceding chap- 
ter, though extremely useful as a rectifier, is quite limited 
in its functions in comparison with other types of tubes 
now to be considered. The first, and fundamentally the most 
important of these other types, is the three-electrode tube 
or triode. This tube differs from the two-electrode tube only 
in that a third element, called a grid, is interposed between 
the cathode and the plate as shown in Fig. 17. As its name 
indicates, the grid usually takes the form of a fine wire 
mesh or screen and is so placed that the electrons in their 
flight from the cathode to the plate are compelled to pass 
through the openings in the grid. The openings in the grid 
are large compared to the size of the wires so the grid 
permits of a practically unobstructed flight of the electrons. 














it~ 


Fig. 17. Diagram of the three-electrode electron tube or triode. 
The structure is essentially the same as that of the diode, except 
that a fine wire mesh or grid is mounted between the cathode and 
the anode. The electrons on their way from the cathode to the 
anode have to pass through the openings of this grid. 


The purpose of this grid is to control the passage of the 
electrons, i. e., the plate current. Like the plate, it is pro- 
vided with a separate external terminal so that it may be 
charged electrically. Normally when no potential is applied 
to the grid, the tube functions as a diode. 

If, however, by connecting it to a separate battery or 
other source of potential, the grid is made positive or nega- 
tive with respect to the cathode, the plate current will in- 
crease or decrease. When the grid is given a positive poten- 
tial, the plate current increases; when it is made negative, 
the plate current decreases, indeed, it may drop to zero. 
Furthermore, if the change in plate current with applied 
grid voltage is carefully measured, it will be found that 
an extremely small variation in grid voltage produces rela- 
tively large changes in plate current. Furthermore, the 
change in plate current may be made directly proportional 
to the change in grid voltage. This control action permits 
the tube to be used as a relay or as an amplifier. The 
amount of change in grid potential required to effect a cer- 
tain change in plate current is much less than would be 


ERE it is at last—the serial you want. Of all subscribers’ 
suggestions, the most insistent have been for more articles 
on electron tubes in Industrial Instrumentation. It did us no good 
to recommend special magazines and textbooks; they insisted there 
was no book written for them—for you. So here it is. 
Mr. Kramer's long experience has included designing and ap- 
plying electronic instruments. 


Page 408—IJ nstruments—Vol. 16 


required to effect a similar change in plate curre 
variation of the plate voltage. 

To explain this curious property of the grid in controlling 
the plate current, let us return to the two-electrode tube fo) 
a moment and consider the effect of varying the distang 
between the cathode and plate as shown in Fig. 18. 

From elementary electrical theory we know that the forg 
between two electric charges varies inversely as the squay 
of the distance between the charges. (Coulomb showed ey 
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Fig. 18. In the diode, with a fixed plate potential, it is possible to 
vary the plate current by varying the distance between the cathode 
and anode. When the distance d is decreased to ad; the plate cur- 
rent is increased. 

















Hie 


Fig. 19. By means of a small battery, usually called the “‘C’’ bat- 
tery or (more properly) the grid bias battery, the grid can be 
maintained at any required negative potential. 


perimentally that if two electric charges of magnitude 
Q: and Qs respectively are placed r cm. apart in air, they 
repel each other with a force of Q; Q2/r? dynes.) In the 
electron tube, therefore, it is possible to increase the plate 
current by decreasing the distance between the cathode and 
the plate, because if the plate is brought closer to the 
cathode, the positive force acting on the electrons in the 
space immediately surrounding the cathode is increased. 
Or, considering it in a different way, if the cathode and the 
plate are brought closer together, a smaller plate potential 
is required to maintain the same plate current. 

Suppose, however, that instead of moving the plat: closer 
to the cathode, a grid is placed between the cathode and 
the plate and a slight positive charge is imparted to this 
grid by connecting it to the positive terminal of another 
battery: battery C in Fig. 19. It is obvious that this pos 
tively charged grid will act very much like an additiona 
plate and that it will aid the plate in drawing electrons 
away from the cathode. Also, since the grid is closer to the 
cathode than is the plate, a smaller positive charge is needed 
to exert a given attraction than would be necessary if a 
additional positive charge were applied to the plate (In 
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MAINTENANCE 
helps to keep them in service 


Your impedance bridge, like your automobile, needs occa- 
sional cleaning and lubrication. 
Moving contacts wear out faster when dry and when dust gets 
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. notes for your GR instruments, send eae 5 . . + a8 eaceline 
2 plate closer us the type numbers and serial el ctrical test equipment in trouble-free operation. Increased 
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> GENERAL RADIO COMPANY - Cambridge, Massachusetts 
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NOW... THE NEW 


2 aes 
Sone F oe 


MADE OF SOLID PLATE GLASS 
AFFORDS MANY ADVANTAGES 


Cadillac Glass Surface Plates are now in wide use in 
Tool and Die Shops, and industries where accurate 
surfaces are required. Each plate is checked minutely 
and is absolutely within its specified accuracy, optical flats 
and monochromatic light being used. If details or data 
are desirable on under side of Plate, they can be etched 
thereon. Sketch showing requirement should accompany 
inquiry for prices. 


COST of Cadillac Glass Surface Plates is low—probably 
less than resurfacing a scraped steel plate. Long life— 
Prompt delivery. Packed in individual wood boxes, top 
of which forms a protecting cover. 


9 CADILLAC FEATURES: 


1—Accuracy .0002, .0003, .0004, .0005. 
2—Checked carefully with optical instrument. 


3—Hard surface. Wear shows as scratches. These do not effect 
accuracy unless grouped densely. Scratches do not burr. 

4—Low co-efficient of expansion. Fahrenheit. 4.45 X 10-® 
Temperature changes have little effect. 

5—Require no de-magnetizing. 

6—Non-rusting. Require no oiling. 

7—Transparent. Data or formulae may be placed under the flat 
for ready reference. 

8—Easy to check. Optical instruments for checking purposes 
available in most large centers. 

9—Replace critical material. 


CADILLAC GLASS COMPANY 


900 WEST CERMAK ROAD 
CHICAGO, ILLINOIS 
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Fig. 20. Analogy between magnetic relay and three-electrode tube 
In diagram A, closure of the key K energizes magnet M causing 
it to attract armature A, thus closing contact C. This allows cur- 
rent from the local battery L to energize the bell. In diagram B, 
the electron tube takes the place of the magnetic relay, With the 
grid neutral the plate current is insufficient to energize the bell, 
but when the grid is given a positive charge by closing the key K, 
the plate current increases and the bell is energized. 


practice, the grid usually is much closer to the cathode thar 
is the plate.) 

If instead of charging the grid positively, it is given 
negative charge by connecting it to the negative terminal 
of battery C, the electrons emitted by the cathode will 
repelled by the negative field around the grid and a smaller 
proportion of them will reach the plate. If the negative 
charge on the grid is sufficiently great the effect of the 
positive charge on the plate may be completely neutralized, 
reducing the plate current to zero. In practice, and for 
reasons to be explained later, the grid is usually main- 
tained at a negative potential in this manner. 

The three-electrode tube, therefore, in addition to having 
the rectifying property of the diode, also serves as a relay 
or, more correctly, as an amplifier. In Fig. 20 the relation 
between an ordinary magnetic relay and the three-electrode 
tube is shown. When electromagnet M (Fig. 20A) is ener- 
gized by the comparatively weak current from battery 8, 
armature A is pulled downward. This movement closes con- 
tacts C, permitting current from the local battery L to ener 
gize the electric bell. In this way a large bell requiring 3 











bs 
is 





— 
mal 


Fig. 21. In this circuit the grid is normally maintained at a 
ficiently high value to prevent any plate current from flowiog 
When the key K is opened, the grid charge drops to zero anc 1 
restraining influence on the plate current is removed, causing 
plate current to flow. 
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lriode circuit in which the grid potential can be varied 





toe between certain negative and positive limits by means 
of the battery and voltage-dividing resistor (sometimes called po- 
tentiom« cer) im the grid circuit. 

elatively strong current can be operated from a distant 


ource by a current too weak to operate the bell directly. 

In the electron tube analogy shown in Fig. 20B the action 
similar. Here, the electromagnet with its associated mov- 
armature and contacts are replaced by a single three- 





lectrode tube. The grid corresponds to the electromagnet. 
| Mivith key K open, as shown, the grid is at zero potential 
| nd the plate current, it can be assumed, is insufficient to 
| Bing the bell. When the key is closed, the grid is charged 
positively by battery B, causing the plate current to in- 


rease and ring the bell. 

A more practical way of operating the electron tube cir- 
uit would be to connect it as shown in Fig. 21. In this case, 
he key is normally closed and the battery so arranged as 
» maintain the grid at a negative potential. The negative 
harge on the grid is such as to neutralize the effect of the 
late potential and normally no plate current flows. When 
ey K is opened, however, the grid potential drops to zero; 
ts restraining influence on the plate potential is removed; 
snd the plate current instantly rises to a maximum, oper- 
ting the bell. It is to be noted that no energy is consumed 
n maintaining the grid at a negative potential. 

This is an exceedingly simple application of the triode 
bnd does not begin to do justice to its full capabilities as an 
pmplifier, for in this case no use is made of its ability to 
rary the plate current in exact accordance with the varia- 
ion in grid potential. So, let us now consider the circuit in 
‘ig. 22. Here is shown a triode with an ammeter (A) in its 
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medium size triode for a plate voltage of approximately 700 volts. 











Why These Basic 
Principles of Micro Switch 


Design Assure You 


Longer switch life than you will ever need 
¢ Absolutely precise and accurate repeat operation 
¢ 40 grams contact pressure—lightning-fast contact action 


The Micro Switch design incorporates features that provide desirable 
performance characteristics not generally found in snap-action 
switches ... The heat-treated beryllium-copper spring bends in the 
game direction as the operating plunger—no reverse bends—no 
“pilcan” action... gives longer switch life—accurate repeat action 
—increased contact pressure—lightning-fast action—millions of 
operations on minute movement and force differentials. It is the 
choice of design engineers for all types of sensitive instruments. 


= 


cial shape of these grooves, which 
to a minimum. 


; reduces friction 


Stationary 

contact is 

a flat inlay 
| of 99.95 
fine silver. 
This con- 
struction 
assures 
ample over-load capacity and maxi- 
mum heat dissipation. 





The bery lium - -copper spring is vais 
in one piece. It is gauged to an accu- 
rate .008 5” thickness; has high resist- 
ance to fatigue. Ends of compres- 
sion members are finished to provide 
an extremely low friction bearing. 
Contact end of the spring is fitted 
with a riveted radius type contact 








Operating mp 
plunger is a 
highly polished 





of 99.95 % fine silver. It moves at a 

speed of 3 1000ths to 5/1000ths pe ogg ee Bee oe 
of a second with a rolling action m on econrendie 
n y high . 
and extremely high pressure. nadie... atid 





shaped Bakelite 
head. Provides long over-surface 
path to live parts, thus insuring free- 
dom from electrical leakage. Plungef 
head cannot rotate within the hous’ 
ing, insuring against any variatio# 
in point of operation. 






] Short spring 
members Piv- 
Ot in patented 
V-grooves of 
j this sturdy 

| brass anchor. 
: Note the spe- 





If you would like to know more about the 
Micro Switch, send for the two Handbook- 
Catalogs illustrated here—No. 60, which 
covers Micro Switches in general; and No. 
70 which deals with specific Micro Switches 
for use in aircraft. ‘ 





Micro Switch is a trade name indicating manufacture by Micro Switch Corporation 


MICRO (¥S&; SWITCH 





Manufactured in FREEPORT, Illinois, by Micro Switch Corporation 


Branches: 43 E. Ohio St., Chicago « 11 Park Place, New York City 
Sales and Engineering Offices: Boston » Hartford + Los Angeles 
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Army, Navy and Air Corps 


DIALS AND OTHER DEVICES 


processed with 
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PHOSPHORESCENT AND 
FLUORESCENT COMPOUNDS 


Materials processed with radium compounds 
glow everlastingly in the dark without activation 
from any outside source. 

We process with luminescent compounds, all 
types of dials and other devices, in metals, 
plastics and glass, according to the latest Army 
and Navy specifications. Our perfected labo- 
ratory methods ensure uniform accuracy and 
durability of applied numerals, lettering and 
calibrations. Information and estimates on your 
specifications furnished promptly on request. 
First in Radium— Under one control—mining, 
refining, technical research, processing and 
distribution of radium products for industry. 


Canadian 


RADIUM & URANIUM 


Corporation 
630 FIFTH AVENUE « ROCKEFELLER CENTER e NEW YORK 
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plate circuit to measure the plate current, a: 
tery and potentiometer in the grid circuit so 
potential (with respect to the cathode) cay 
tween certain positive and negative limits. ' 
voltmeter Ec measures the grid potential, T} 
tial, of course, is fixed by the potential of th 

As the potentiometer slider is moved along + 
from the negative end to the positive end, th« 
varies gradually from a negative value to a | 
This, by virtue of the controlling action of t 
tial upon the plate current, causes the latte; 
if we plot this variation in plate current aga 
potential a curve such as shown in Fig. 23 is 
a grid potential of 30 volts negative, no plate « 
As the grid is made less negative, however, its 
influence over the electrons emitted by the cat} 
ished and the plate current rises. At —20 volts 
tial, the plate current is about 9 milliamperes 
volts, it is 33 milliamperes. And so, for zero grid 
and +20 the corresponding plate currents are 7 
150 milliamperes respectively. In other words, : 
grid potential from -30 to +20 results in a swing 
current from zero to 150 milliamperes. 

So far we have considered only the variation of gy 
rent in the plate circuit. This variation in plate curr 
however, can also cause a variation in voltage and this 
important. Suppose that in addition to the ammeter in ¢ 
plate circuit we also connect a resistance R, as shown 
Fig. 24. From Ohm’s law, we know that when a current 
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Fig. 24. When a resistance R is introduced into the plate circuit, 
the varying plate current through this resistance creates a varying 
voltage across the terminals E E; which is an amplified version of 
the exciting grid potential. 


sent through a resistance, a voltage appears across th 

terminals of this resistance. This is known as the voltag 

drop and its value is given by the well-known relatiol 
RI=E 

in which R is the resistance in ohms, J the current in am 

peres and E the potential in volts. 

As a consequence of this relation, the variation in plat 
current through resistance R, in Fig. 24, causes a voltag 
variation across the resistance that is a magnified versi0j 
of the variation in grid voltage. In other words, the tub 
in this case acts as a voltage amplifier. 


The measure of the amplification of which a tube 
capable is known as its amplification factor. This is usual] 
designated by the Greek letter » (mu) and is an extreme 
important tube characteristic. This factor will be discusse 


in greater detail later on but for the present it wil! be suf 


ficient to understand that a tube can be made to functi0 
in this manner. 

The operation of the electron tube as an amplifier cal 
be represented, graphically, by plotting the plate curren 
wave at right angles to the grid potential wave in the mat 

*Assuming that the circuit has no inductance and unlimited 
series capacitance, this is merely the expression for 
equilibrium in the circuit. Viewed from the standpoint of dy 
the statement asserts that the counter voltage Ri must « 
driving electromotive force #. Resistance R is the factor w! 
multiplied by the current, establishes the expression for t 
tive counter-voltage. Resistance is the property of an el 
cuit which directly opposes the movement of electricity an 
a non-reversible transformation of electrical energy into 
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Pon Fig. 25. Graphic representation of the amplifying property of the 


triode 


variation of oy 

in plate Currey 
tage and this ner shown in Fig. 25. This diagram, it will be noted, makes 
2 ammeter in tiuse of the plate current-grid voltage characteristic. If any 
R, as shown point on the lower wave, such as A, is projected up to the 
yhen a current {curve and then projected at right angles, a point A will 
be obtained on the plate current wave. Thus, each point on 
the grid potential wave can be translated to a correspond- 


-(*)- ing point on the plate current wave. 
In the example shown in Fig. 25 a small alternating po- 
tential of 1 volt is applied to the grid and by the method 
tf just outlined the corresponding plate current wave is ob- 
tained. In this particular example, when the grid is at zero 
R potential, a plate current of 40 milliamperes flows in the 
plate circuit. When the grid potential becomes 1 volt nega- 
{M tive, the plate current drops to 30 milliamperes. Similarly, 
with a grid potential of 1 volt positive, the plate current 
Abs becomes 50 milliamperes. Thus the application of a 1-volt 
alternating potential to the grid results in a current in the 
nlate circuit which varies periodically between 30 and 50 
milliamperes. 
e plate circuit, It should be noted that this plate current is not an alter- 
— _—— nating current, but an “undulating” direct current. It varies 
ae in its intensity but not in direction; it is a periodically 
varying direct current, equivalent to an alternating current 
superimposed upon a pure direct current of 40 milliamperes. 
The wave shape of this superimposed alternating current 
is an exact but amplified reproduction of the voltage wave 
applied to the grid. 








A wide range resistance- measuring instru- 
ment — combining the features of the Kelvin 
and the Wheatstone Bridge. 
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for Fermanent™” Resistance 
today and tomorrow... 


The design and construction of Ohmite 
Rheostats and Resistors enable them to meet 
every condition of service... to withstand 
shock, vibration, heat and humidity — and keep 
going. What’s more, Ohmite leadership in develop- 
ing an extensive range of types and sizes has 
made it possible to serve innumerable applica- 
tions. Ohmite engineers are glad to assist 
you on any problem. 
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From an inspection of this diagram, it might 
a coincidence that the zero grid voltage point ; 
exactly in the center of the straight portion of 
the curve, for had it occurred at either the lov 
bends of the curve, this exact wave-shape relati: 
have held true. Consider Fig. 26. Here is show 
curve as in Fig. 25 but in this instance (for { 
illustration) the zero grid operating point falls 0) 
bend of the curve and the linear relationship be‘ 


potential and plate current no longer holds. In this cage the 

















“th tii; 
4V. BATTERY 


Fig. 27. Diagram showing the use of a grid bias battery in adjust- 
ing the operating point of the tube. 





plate current is distorted, the lower loop being larger than 
the upper loop. Also, the variation in plate current is much 
smaller, 

It is quite evident, then, that if the tube is to function 
properly as an amplifier, the middle portion of the slope of 
the curve must be used. Of course, it must be understood 
that such a curve as is shown in these diagrams is the char- 
acteristic for a definite plate voltage. If a different plate 
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Fig. 28. In this instance a 4-yolt battery is used to shift the oper- 
ating point to the proper place on the curve for undistorted 
amplification. 


voltage is selected a different curve will result. It might be 
possible to select a plate voltage such that the zero grid po 
tential would fall exactly in the middle of the straight por 
tion of the slope; but in practice it is simpler and more 
expedient to vary the operating point by adjusting the 
negative potential of the grid by means of a “grid bias 
battery.” 

In Fig. 26, for example, to obtain undistorted amp!ifica- 
tion, it is necessary that the impressed alternating pot tial 
operate around a point which is, say, 4 volts negative with 













e cathode for this line intersects the middle 
































i - 
a Sota nag curve as shown. So a small 4-volt battery (or 
n of | a ye. oes ; connected in the grid circuit as shown in Fig. 
low bs Pe of witl negative terminal tied to the grid. The small 
latio a Der iternat current generator shown is assumed to furnish 
shown the sod he exci potential. 16 vs 
for { Sake ; Thus the 1-v. alternating exciting potential is now super- 
lls on the un a mpose mn the 4-v. negative battery potential and it will 
ip between aa scillate ween -3 and —5 volts as shown in Fig. 28. 
In this cage thea In this way, by adjusting the “bias” voltage of the grid, 
‘BR it is ed, a tube can be made to function as an ampli- 
for or for other purposes as desired. If the operating point 
. set towards the bottom or top of the curve there will be 
distorti » in the output wave. For some purposes such dis- 
ose ortion lesirable and necessary but for undistorted am- 
lification only the straight portion of the characteristic 
an be used as this provides the linear relationship de- 
anded 
‘In considering this amplifying characteristic of the three- 
electrode tube, attention is directed to the slope of the curve. 
The amount of amplification, it will be noted, is a function 
of the steepness of the slope of the curve: the steeper the 
slope, the greater the amplification. The character of the 
slope of the curve is dependent upon the spacing and the 
constructional features of the tube elements. It is a factor 
+ which the tube designer has to keep in mind. 
In this chapter, only the simplest aspects of the triode’s 
ry in adjust- operation have been considered but these also are its most 
; fundamental aspects. The diode, it will be recalled, was 
stated to be, fundamentally, a rectifier. To the extent that 
g larger than ggthe grid can be ignored, the triode also is a rectifier, but 


when the grid is considered the triode becomes, fundamen- 
tally, an amplifier. Strange as it may seem, these are really 
the only fundamental properties of all electron tubes—all 
other characteristics and functions can be derived from these 
simple properties. If this is clearly understood one should 
have less trouble in understanding the more involved char- 
acteristics and applications to be considered later. 

Before concluding this chapter, a word about the history 
of the triode. The triode was invented by Dr. Lee De Forest 
in 1907 as a result of his experiments with the diode which 
was invented by John A. Fleming. Fleming in 1905 first 
recognized the rectifying principle of the two-electrode tube 
and obtained a patent on the use of the diode, as a detector 
of high-frequency electrical oscillations. This patent became 
one of the fundamental patents in electron tube develop- 
ment. 

Fleming worked in England. In America, Lee De Forest 
- also was engaged in the development of a system of wire- 
J less telegraphy and in the course of his work made use of 
oo the Fleming valve, as it was then known. It was the best 
detector of wireless signals that had been developed up to 
that time but its functions, naturally, were limited to those 
of a rectifier. It was during these experiments that 
De Forest conceived the idea of introducing a third element 
into the tube. A simple thing, and yet perhaps the most im- 


rrent is much 


S to function 
f the slope of 
e understood 
S is the char- 
ifferent plate 


TIAL portant single invention ever made—for it led to some of 
the most far-reaching developments in the civilized world. 
At once it provided a device with which to build the entire 
present system of electrical communication, wire and wire- 
less, telegraph, telephone, picture transmission and televi- 
sion. It has revolutionized the motion picture industry and 

the oper- given us the modern public address system. And in count- 

ndistorted less other fields it continues to improve and revolutionize 
operations and techniques. 

es _ At first De Forest merely introduced a third electrode 

It might be into the tube which, by virtue of its proximity to the other 

ro grid po f@ elements, affected the current through the tube. This was 

raight por # in 1907 and this was the basis of his patent No. 814,387 

and more @ taken out in that year. In 1908, however, he gave the third 

usting the § electrode the form of a grid placed in the space between the 

“grid bias cathode and the plate. This idea is incorporated in patent 
No. 879,532 and is the fundamental principle involved in 

amplifica- J all* electron tubes today. 

x potential bat 
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Portable Loading Unit 


A STANDARD ELECTRIC 


FOR EACH 


Venoniem 


An impressive number of the nation’s leading 
industries are making use of special electrical 
test and control panels — wall, bench or port- 
able — which we have designed and manu- 
factured to meet their exact needs. 

The units illustrated and described here are 
some examples of our versatile designs. We 
offer you, without obligation, the personal 
services of our engineers to give you the ad- 
vantages of their experience and to assist in 
the development of practical panels and units 
to meet your particular requirements. We also 
design and manufacture Precision Timers for 
a wide variety of purposes. 

A letter stating your needs will bring a call 
from our nearest field representative and com- 
plete co-operation by our staff of manufactur- 
ing engineers. Our service is nation-wide. 
Address Dept. I-7. 


THE STANDARD 
ELECTRIC TIME CO. 


Specialists in this Line 
SPRINGFIELD, MASSACHUSETTS 
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Part 3087—ELEcTRICAL INDICATING 
INSTRUMENTS * 


{General Limitation Order L-203, as Amended 
June 9, 1943] 


The fulfillment of requirements for the 
defense of the United States has created 
a shortage in the production of electrical 
indicating instruments for defense, for 
private account and for export, and the 
following order is deemed necessary and 
appropriate in the public interest and to 
promote the national defense: 


$ 3087.1 General Limitation Order 
L-203—(a) Definitions. For the pur- 
pose of this order: 


(1) “Person” means any individual, 
partnership, association, business trust, 
corporation, governmental corporation 
or agency, or any organized group of 
individuals whether incorporated or not. 

(2) “Manufacturer” means any person 
engaged in the production, assembly or 
fabrication of electrical indicating in- 
struments. * 

(3) “Electrical indicating instrument” 
(“meter”) means a measuring mecha- 
nism the pointer of which responds to a 
change in an electrical quantity. The 
term shall include instrument mecha- 
nisms and instrument relays made there- 
from; also, small panel, switchboard, 
portable, and aircraft electrical instru- 
ments. The term shall not include: 

(i) Any multi-purpose portable instru- 
ment capable of measuring more than 
one electrical quantity and embraced 
within the classification of electronic 
test equipment in General Scheduling 
Order M-293; 

(i) Any instrument made with metal 
bearings and normally used in automo- 
tive vehicles or mobile construction 
machinery; 

(iii) Any electrical aircraft self-syn- 
chronous indicator or transmitter. 

(4) “Approved order” means any order 
which is embraced within any one of the 
following categories: Provided, That no 
order shall be brought within the provi- 
sions of subparagraphs (i), (ii) or (iv) 
of this paragraph (a) (4) by the sub- 
division thereof or by any subdivision of 
requirements: 

(i) Any order for less than 500 iden- 
tical electrical indicating instruments 
which conform to the ranges and dimen- 
sions established and prescribed for 
“Electrical indicating instruments” by 
American War Standard C39.2—1943, as 
approved January 6, 1943, and published 
by American Standards Association; 

(ii) Any order for less than 500 iden- 
tical electrical indicating instruments of 
flange diameter, height, or width exceed- 
ing 344"; 

(iii) Any order for polarized vane non- 
jewelled instruments; 


1Formerly Part 3087—Combat Measuring 
Instruments. 
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For the convenience of Jnstruments subscribers there is 
reproduced below in facsimile the new WPB General Limi- 
tation Order L-203 as amended June 9, 1943; and the next 
four pages constitute a facsimile reproduction of WPB 








WAR PRODUCTION BOARD 


(iv) Any order for less than 500 iden- 
tical electrical indicating instruments 
which conform to approved United States 
Army or Navy specifications specified on 
the order; 

(v) Any order authorized in writing by 
the War Production Board on Form 
WPB-1682. 

(b) Restrictions on acceptance and de- 
livery of orders. (1) No person shall 
place on a manufacturer and no manu- 
facturer shall accept any order for elec- 
trical indicating instruments other than 
an approved order. 

(2) No manufacturer shall deliver, 
and no person shall accept delivery from 
any manufacturer of any electrical in- 
dicating instruments in fulfillment of 
any order placed hereafter unless such 
order is an approved order. 

(3) Any person who places, accepts 
or fills an order authorized on Form 
WPB-1682 shall comply with such re- 
strictions and conditions as may be spec- 
ified thereon. 

(c) Production equipment. No manu- 
facturer shall produce, or cause to be 
produced, fabricated or assembled, any 
tools, jigs, dies or other production ma- 
chinery or equipment designed for the 
manufacture or production of electrical 
indicating instruments of types, ranges, 
sizes and specifications not embraced 
within the categories of approved orders 
defined in paragraphs (a) (4) (i) or 

(a) (4) (iv) hereof: Provided, however, 
That the provisions of this paragraph 
shall not apply to the maintenance, re- 
pair, replacement or improvement of 
existing tools, dies, jigs, and other pro- 
duction machinery equipment. The pro- 
visions of this paragraph shall not apply 
with respect to the manufacture of po- 
larized vane non-jewelled instruments or 
instruments of flange diameter, height 
or width exceeding 312’’. 

(d) Scheduling. On or before the 
fifteenth day of each calendar month 


every manufacturer shall file with the 
War Production Board his proposed de- 
livery schedule for electrical indicating 
instruments for the following month, 
and such other information as is required 
thereby on Form WPB-1685. The de- 
livery schedule for the calendar month 
following the filing shall be deemed to 
be approved by the War Production 
Board upon receipt thereof, unless and 
until the War Production Board shall 
otherwise direct, and shall be deemed a 
frozen schedule within the meaning of 
Priorities Regulation 18. No manufac- 
turer shall alter any such approved de- 
livery schedule except pursuant to 4 
written direction of the War Production 
Board which identifies the*frozen sched- 
ule and states on its face that it is an 
amendment of that schedule. 

(e) Special directions and exemp- 
tions. (1) The War Production Board 
may from time to time issue in writing 


Form 1682. The instructions on page 4 of the 
L-203, are self-explanatory. Important.—Do not 

the fold: when tearing, tear the upper half of ; 
form (pages 1, 2, 3 and 4) from the lower half. 













For Obtaining Electrical Indicating Instrument 
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in respect to electrical indicating instry. 
ments special.orders or directions which: 

(i) Alter or freeze delivery or produc. 
tion schedules, in whole or in part: 

(ii) Direct the cancellation of any 
order held by any manufacturer: 

(iii) Allocate any unfilled order from 
one manufacturer to another many. 
facturer; 

(iv) Direct the delivery of any ele. 
trical indicating instrument in prody. 
tion or completed to any person at the 
established price and terms; 

(v) Authorize exception or departure 
from any of the provisions of paragraph 
(c) hereof; or 

(vi) Take such other action as jt 
deems necessary with respect to the plac- 
ing of orders for, or the production or 
delivery of electrical indicating instry. 
ments or any component parts thereof, 

(2) The provisions of this order, other 
than the provisions of paragraph (e) 
(1), shall in no event be construed to 
apply to the maintenance or repair of 
electrical indicating instruments, nor to 
purchase orders for component parts of 
electrical indicating instruments re- 
quired for the maimtenance or repair 
thereof. 

(f) Applicability of regulations. This 
order and all transactions affected there- 
by are subject to the provisions of all 
regulations of the War Production 
Board, except that to the extent of any 
conflict or inconsistency therewith the 
provisions hereof shall control. 


(g) Violations. Any person who wil- 
fully violates any provision of this order, 
or who, in connection with this order 
wilfully conceals a material fact or fur- 
nishes false information to any depart- 
ment or agency of the United States is 
guilty of a crime and upon conviction 
may be punished by fine or imprison- 
ment. In addition any such person may 
be prohibited from making or obtaining 
further deliveries of, or from processing 
or using materials under priorities con- 
trol and may be deprived of priorities 
assistance. 

(h) Appeals. Any appeal from the 
provisions of this order shall be made by 
filing a letter in triplicate, referring \ 
the particular provision appealed from 
and stating fully the grounds of the 
appeal. 

(i) Communications. All reports W 
be filed, appeals and other communics- 
tions concerning this order should b¢ 
addressed to War Production Board, 
Radio and Radar Division, Washington, 
D. C. Ref: L-203. 


Issued this 9th day of June 1943 


War PropvuctTion Board 
By J. JOSEPH WHELAN, 
Recording Secretary. 


9, 1943 















































































Ments 


the { 


™, and 

not ir along 
E of the enti 
ent 

alf. ” 
L-209 


June 9, 9p 


cating instry. 
ections which: 
ry Or produc. 
r in part; 
ation of any 
acturer; 

ed order from 
other many. 


Of any elec. 
nt in produc- 
person at the 
1S ; 

or departure 
Of paragrapA 


action as jt 
ct to the plac- 
production or 
rating instru. 
parts thereof, 
is order, other 
aragraph (e) 
construed to 
- or repair of 
ments, nor to 
nent parts of 
ruments re- 
ice or repair 


lations. This 
ffected there- 
visions of all 

Production 
extent of any 
herewith the 
trol. 


son who wil- 
of this order, 
h this order 
| fact or fur- 
/ any depart- 
ted States is 
nm conviction 
Or imprison- 
1 person may 
or obtaining 
m processing 
riorities con- 
of priorities 


al from the 
1 be made by 
referring to 
ypealed from 
unds of the 


l reports to 
communica- 
r should be 
‘tion Board, 
Washington, 


e 1943 


y Boarp 
AN, 
Secretary. 








UNITED STATES OF AMERICA 
PB-i ve WAR PRODUCTION BOARD 


put PD-©7 sper icaTiON FOR AUTHORIZATION 


43) 
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APPROVAL EXPIRES OCTOBER 5, 1943 





CASE NO. (Do Not Fill In) 























) RECELY: DELIVERY OF ELECTRICAL INDICATING INSTRUMENTS a 
(THIS APPLICATION NOT TO BE USED AS AN APPEAL ) L-203 
ad j ‘ i t > e 
yar Production Board, Washington, D. C SEE REVERSE SIDE FOR INSTRUCTIONS 
Radio and Radar Division, Electrical Instrurent Unit 
TIONS con INSTRUMENT MANUFACTURER 
war... os. ae a os oe we + Te Oe ee 8 ee ee ee Ss ee 2S © --—se sew eS 
APPLICANT - DO NOT FILL IN ’ 
ORIZATION 1S HEREBY GRANTED/DENIED TO TRANSACT IN THE REQUESTED | CASE NO. (Do Not Fill In) 


RUMENTS IN THE MANNER SET FORTH ON THIS APPLICATION, SUBJECT TO 
FOLLOWING CONDITIONS: 

THAT THE APPLICANT WILL DETACH THE UPPER PORTION OF THIS APPLICA- 
TION AND TRANSMIT THAT PORTION ONLY TO THE MANUFACTURER WITH THE 
APPLICANT'S PLRCHASE ORDER. 


APPROVED 





WPB ORDER NO. 
L-203 
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FORM WPB-1682 FORMERLY PD-674 (5-28-43) 
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cannot be repaired.) 


INST. MFGRS 

- PURCHASE ORDER QUOTATIONS INSTRUMENTS REQUESTED 

z (Days ) 

ws | tities ae 

= ee, rp | |TEM ~|COM- ; “Tk: DESCRIPTION bei 
a NUMBER DATE NO. STAR PLETG DATE] QUANTITY| MODEL (Range - Volts, Amps Etc.; SpecificationNo.; Etc [ss 

| 
| 

4 

& 

8 

9 

10 
Cae t+ ec Sb SSE CEE EDR ODS SS SS Oe = = “TEAR HERES? ee ee he He ee ee ee ee ee ee ee eee 

PART he 
i. FOR WHAT PURPOSE ARE THE INSTRUMENTS TO BE USED? INDICATE TYPE OF PRODUCT IN WHICH INSTRUMENTS ARE TO BE INCO 
PORATED AND REPORT. ULTIMATE USER. 
2. WILL THE PURCHASE ORDER BEAR A PREFERENCE RATING? (Give Details) 
$. 00 THE REQUESTED INSTRUMENTS MEET ASA STDS. OR ARMY-NAVY SPECIFICATIONS? (If not, why? Explain any «special 
features.) 
FILL IN ETEMS 4, 5, 6, AND 7 INCLUSIVE IF APPLICABLE TO THIS REQUEST 
&. \F INSTRUMENTS ARE FOR REPLACEMENT, WHAT ATTEMPT HAS BEEN MADE TO REPAIR PRESENT UNITS? (Explain why instrum 
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PART I 
PLICANT DATE OF THIS NAME AND ADDRESS OF APPLICANT 
o APPLICATION 
or TNO. OF DELIVERY REQUESTED 194 10194 (Do Not Fill In “Authorized‘’ Column) ft 
: RY IDENTICAL S 
Ee ls, os NSTRUMENTS NEXT REQUESTED 
Q — FROM OTHER THREE AUTHORIZED | > 
. PER rk DRDERS FOR MONTHS > 
onthe AS< ON | Tr1S PURPOSE (Month) (Month) (Month) (Month) (Month) (Month) : 
~] “T REQUESTED ‘ 
AUTHORIZED 
7 ‘| REQUESTED | 
AUTHOR | ZED 
as 5 REQUESTED | 
AUTHORIZED 
4 ‘ Requested | | 
AUTHORIZED 
| REQUESTED | 
AUTHORIZED 
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REQUESTED | | 
AUTHORIZED 
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AUTHORIZED 
Sd 
REQUESTED | . 
AUTHOR! ZED 
REQUESTED | 4 
AUTHOR! ZED 
REQUEST - 
AUTHORIZES 
Ss ere ee TEAR HERE - - ee ee ee wee ee ee ee ee wm ee eee eo" 
a i aie | ee 
RE TO BE Inco WHAT NUMPER OF UNITS ARE REQUIRED TO FILL CUSTOMERS ORDERS NOW ON HAND HAVING THE FOLLOWING RATINGS? 
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dE rsa AA-2X AA-3 AA-4 AA-5 OTHER nee. su anaee 
mae QUANTITY OF PRIME EQUIPMENT REQUIRED (Enter Month Below) OATE OF PRIME CONTRACT: 
RECEDENCE 
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PREFERENCE RATING 
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IN DAYS 
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NO. ASSEM. 
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FORM WPE-1682 FORMERLY PD-674 (5-28-43) 





CERTIFICATION = THE UNDERSIGNED COMPANY, AND THE OFFICIAL EXECUTING THIS CERTIFICATION ON ITS BEHALF, HE 
1S CORRECT AND COMPLETE TO THE BEST OF THEIR KNOWLEDGE 


THAT THE INFORMATION CONTAINED 


IN THIS REPORT 


BY 


| PAGE 4 OF y PAGES 


XESY CERry 
*ND BELiE 








KAME OF COMPARY 


SIGNATURE OF AUTRORIZED OFFICIAL 








DATE 


TITLE 





SECTION 35(A) OF THE UNITED STATES CRIMINAL CODE, 
STATEMENT OR REPRESENTATION TO ANY DEPARTMENT OR AGENCY OF THE UNITED STATES AS TO ANY MATTER WITHIN 


18 U.S.C. SEC. 80, MAKES 


IT ACRIMINAL OFFENSE TOMAKE awi| 


FULLY py 


ITS iSDICTy 








This application shall be used to re- 
quest authority to receive delivery of 
Electrical Indicating Instruments which 
may not be purchased on an order which 
is automatically approved under para- 
graphs (a) (4) (i), (a) (4 (ii), (a) (4) 
(ili), or (a) (4) (iv) of L-203. Any or- 
der specifying instruments which deviate 
from standards defined in paragraphs 
(a (4) (i) or (a) (4) (iv); or, any order 
for 500 or more identical instruments 
classified in paragraphs (a) (4) (i), (a) 
(4) (ii), or (a) (4) (iv), whether stand- 
ard or not, must be approved by the 
War Productign Board on this Form. 

When making an application, this 
Form is to be submitted by the instru- 
ment purchaser in triplicate to the War 
Production Board, Radio and Radar 
Division, Electrical] Instrument Unit Ref. 
L—203, Washington, D. C. 

Fill in the information required in 
Part I for each instrument item you | 
desire to purchase. In Part II answer 
Items 1, 2, 3, and fill in Items 4-7 inclu- 
sive where applicable to your particular 





request. (See specific instructions be- 
low). A separate application must be 
filed for each instrument manufacturer 
from whom delivery will be received; 
and, where instruments are ordered for 
more than one prime contract on one 
instrument manufacturer, a separate ap- 
plication must be filed for each prime 
contract. 

(a) Prime Contractors.—For the pur- 
pose of this application a prime con- 
tractor is a manufacturer having a con- 
tract directly from the Government 
(Army, Navy, or other Federal Agencies) , 
and prime equipment is the end-prod- 
uct being purchased thereon. 

Prime contractors purchasing instru- 
ments for incorporation into their prod- 
ucts will submit one application for each 
prime equipment as to each instrument | 
manufacturer. For example, if there | 





INSTRUCTIONS 


are several sub-assemblies of the prime 
equipment requiring one or more items 


of instruments and the prime equipment }: 


manufacturer is manufacturing these 
sub-assemblies himself, only one applica-" 
tion should be submitted since the units 
will all be used in the same prime equip- 
ment. 

Part II, Item 5 does not apply to prime 
contractors. 

In Part II, Item 6, show the preced- 
ence list urgency number, if any, and 
the quantity of prime equipment required 
per month. The precedence list sched- 
ule should be shown for those months in 
which the prime equipment using the 
instruments is required, and will differ 
from the instrument schedule by the lead 
factor. In the event a precedence list 
number has not been assigned, enter’in 
this section of the report “no precedence 
list number assigned”’. 

In Part II, Item 7, identify the prime 
equipment by name, specify the prime 
contract number, date, preference rating 
of prime contract, instrument lead factor 
in days, and plant of prime contractor. 
Also the number of assemblies per prime 
equipment and number of assembly 





| spares per prime equipment if applicable. | 


(b) Subcontractors.—For the purpose | 


| of this application a subcontractor is a/| 


manufacturer.having a contract from a} 
prime equipment manufacturer, whose | 
end-product is a sub-assembly of the| 
prime equipment.. 

Subcontractors who are the purchasers 


| of instruments will file one application | 


for each prime equipment as to each in- | 
strument manufacturer. For example,:if 
several sub-assemblies are for the same | 
prime equipment, and each sub-assembly | 
requires one or more instruments, file | 


| only one application provided the instru- | 


| 


ments cannot be purchased on an other- | 
wise “approved” order as defined in/| 
L-203, and are to be received from the 
Same supplier. 


Part II, Item 5 does not apply to sup. 
contractors. 

sFill in Items 6 and 7 of Part IT in ap. 
cordance with instructions in Par. (a). 
Also identify the subcontract assembly 
and give location of subcontractor’s 
plant. 

(c) Other.—Persons using instruments 
for incorporation into products such as 
test sets, welders, analyzers, etc., which 
are to be sold on the commercial! market, 
including Government purchases, must 
file an application as to each manufac. 
turer if the instruments cannot be pur- 
chased on an otherwise “approved” 
order. 

Government orders may also be placed 
for these products, but under such cir. 
cumstances the product should not be 
considered as prime equipment. For the 
purpose of this applicatior, a specific 
product is not considered prime equip- 
ment if it is sold on the commercial 
market and delivered on other orders 
which are not solely Government orders 

If the instruments requested in Part J 
are to be incorporated in more than one 
type of product, list each such type of 
product in Part II, Item 1, and identify 
by assigning a code symbol. Repeat'this 
code in Item 5 and show the number of 
requested instruments required to fill 
customer’s orders on hand for each prod- 
uct having the various priority ratings 
as shown. Do not repeat orders which 
have been included on previous WPB 
1682 (PD-674) applications. 

Fill in Part I and Items 1, 2, 3 and) 
of Part II. 

(d) Replacement and maintenance— 
Standard instruments should be pur- 
chased wherever possible. If standard 
instruments cannot be used, explain fully 
in Item 3 of the application why stand- 
ards cannot be used. Submit one appli 
cation as to each instrument manufac: 
turer and fill in Part I and Items 1, 2,3 
and 4 of Part II. 
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HE modern aircraft engine has power 
0wer 5 


4 s move a freight train. Yet it weighs less 
We feed these habies a pair of ordinary car wheels. The cret of # 
, tremendous output without the need for mag 
with a parts lies in large measure in microscopic balang 
high speed, and high efficiency, together with 
. |”? miracle of modern alloys. Its power i: mooth an 
measuring Spoon: tremendous when under instrument contro] a 
but is gone in a flash—along with a plane ang 
pilot, perhaps—if it is ineptly handled. Kollsma 
engine instruments—tachometers, manifold pres 
sure gages, thermometers—are what give the pila 
control over the torrent of power which propel 
him through the skies. Upon their precision ep 
reliability has been built not a little of aviation 
current advancement. Their role in tomorrow’ 
progress is an even greater one. 


look like or how they will perform, we don't know 
yet. But we do know that instruments will play 4 
large part in expanding their scope and usefulness 
far beyond anything we know today. Kollsman 
engineers are constantly developing new and better 
aircraft instruments which will help widen and ex- 


tend tomorrow's skyways for a new era in aviation, 


THE KOLLSMAN ELECTRIC DUAL TACHOMETER AND SYN- 
CHROSCOPE vor only registers engine revolutions in twin- 
engined planes, but directly compares the speed of the 
engines to permit perfect synchronization. It is electrically 


operated, with generators on the engines sending power AIRCRAFT 
impulses by wire to the indicators on the instrument panel. INSTRUMENTS 


PRODUCT OF 


SQUARE J) COMPANY 


ELMHURST, NEW YORK ~ GLENDALE, CALIFORNIA 


« 
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Removing Drag Cup from 
Pioneer MK V Electric 


Tachometer 


By RANSOM J. BURT 
1225 Edgewood Ave., Jacksonville, Fla. 
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use as can be seen from the illustrations. 





———— 2”4rPRO«. ———> 


M. F. Behar, Editor 


() mechanics working on Pioneer electric tachometers 
often comes the time to remove the drag cup. This can- 
t be done without injury to the cup or staff unless some 


ool is used that is made for this particular purpose. I made 
a tool of this type several months ago and have found that 
It does the job very satisfactorily. It is easy to make and 


INSTALLATION MAINTENANCE 


viation Instruments 


Automatic- landing Aerological 


Production instrument-testing 
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A piece of flat iron approximately six inches long, one 
inch wide and three-sixteenths inch thick is used. About 
two inches of the piece is put in a large vice and the re- 
maining end is bent over so the piece takes the shape of 
a capital “L” as shown. (A soft grade of iron can be used 
and it can be bent cold.) Using a hack-saw, a slot is sawed 
in the long end of the piece as shown in Fig. 2 (approx. 
one half inch deep). Now the top part of the long end is 
ground or filed down until the cup and staff will fit over it. 
It is essential that this surface be smooth and flat. Now 
make a punch with the small end about the size of the cup 
staff as can be seen from the inside of the cup. 

To remove cup, first mark the position it comes to rest 
with the complete movement together. It can be marked 
in relation to the hairspring stud (this is important). Dis- 
assemble the movement, unpinning the hairspring. Put the 
short end of the tool in a small bench vise, put the move- 
ment in place, set the punch on the end of the staff and 
tap lightly with a small hammer. It will be found that the 
cup will usually be removed with the first tap. Note: As- 
suming the mechanic has had some experience of this sort, 
the exact dimensions have been omitted because this tool 
can be made in any number of sizes. 





Re: Gyro Instrument Tests 


By GEORGE R. FORD 
(with our Armed Forces overseas) 


(1) 

N the overhaul of the Directional Gyro, after completing 

the balance of the horizontal gimbal ring in accordance 
with instructions, revolve the rotor to 1000 r.p.m. or less. 
Rotate the ring in its fixture. If properly balanced it will 
remain stationary when stopped in any position during its 
complete revolution. Vibrate the fixture and do not speed 
the rotor. 

(2) 

Before fitting the dial to the vertical ring in overhauling 
the directional gyro, place the assembly in the balancing 
fixture. You will note the preponderance of weight on the 
90° end. By attaching a rectangular lead weight to one or 
both of the caging arm adjusting screws, between the lock- 
nut and the arm, a near balance can quickly be made. The 
time necessary to balance the vertical ring will be greatly 
reduced and the balancing weights more uniformly spaced. 


(3) 

A practical vibrator for use in preliminary tests of 
Directional Gyros, Horizons and Pilots may be made from 
a discarded “buzz wheel” instrument. The Turn and Bank 
is ideal. Add a sufficient amount of solder to the rotor to 
throw it off balance and attach the instrument to the test 
fixture, which should rest on sponge rubber: 2” squares 
cemented to wooden tops preferred. Regulate the air intake 
or use a valve to allow the vibrator to run on approximately 
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1%” of mercury. In order to start the unbalanced rotor it 
may be necessary to give it a boost by raising the mercury 
for an instant. 

By using ample size, uniform connections and lines, one 
is able to test two Directional Gyros and also run a coast 
test at the same time, e.g., in testing the DG’s the mercury 
will probably stand at 4” (suction). The number of inches 
the mercury is raised above this point by opening the com- 
pression line, represents the force being applied to the 
coast test. 


Piercing Thin Metal with 


9 
Jeweler’s Saw 
By GEORGE E. KERN 
20th Airdrome Squadron, Army Air Base, Salina, Kansas 
HEN a special shape is required from thin metal 
(shim stock, etc.), the outline is first scratched on the 
stock. The metal is then laid on a piece of thin wood (cigar 
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box pieces are about right). Proceed with the piercing, saw- 
ing through the wood as well as the metal. Care should be 
used in keeping the fingers well placed to hold the metal 
firmly down. The finished piece will be flat, free of wrinkles 
or bends. 





Instrument Oiler 


By GEORGE PEFFER 
Paine Field Sub Depot, Everett, Washington 


HIS handy oiler, an improvement over the conventional 
medicine dropper, can be made of parts found around 
the shop. Remove the rubber bulb from an ordinary dropper 


Seldered 
To 

Sy Lphor 

Cork 


GlassMedicine 
Dre as 








and replace it with a metallic bellows of convenient size such 
as the one found in some suction and manifold pressure 
gages. Threaded brass fittings soldered to the bellows and 
cork gaskets complete the assembly. Such an oiler proved 
satisfactory to gyro work where the rubber bulb on the 
ordinary dropper soon deteriorates. It is useful also when 
working with other liquids such as carbon-tet. 
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Hand Crank for Chronom: 
Tachometer Shaft 


By OLIVER WARNER 


Instrument Repairman, 19th Sub-Dep 
Army Air Base, Chico, Calif, 


get grea men who repair the chrononietric tag 
ometer in any number will find this bench + helpty 
It is simply a small hand crank to turn the driy; Shaft 
a test motor would do. Althoy 
only low r.p.m. readings may | 
gained, the crank is useful wh 
repairing and checking pointer 
turn, zero setting and reversig 
gear operation. A drive sha: 
frozen into the tachometer hg 
ing, will often cause the whole jf 
strument to revolve at the rate ¢ 
test motor is turning. As a safe 
feature, one of these hand crap 
should be kept near the tachomet{ 
test stand to be used in maki 
Side view sure the tachometer drive shaft 
not frozen. The illustration her 
with shows the crank full-size. 

















AIRCRAFT INSTRUMENT Guitt 


INTERNATIONAL t 812 N. Detaware Prace 


HEADQUARTERS Tusa, Oxtanoma 


NS 


The following articles (to the bottom of 
Page 484) have been contributed by the Air 
craft Instrument Guild. For further infor 
mation on any of the subjects discussed, 
write to the Guild at the above address. 


Horizon Rotor Shimmying 
By R. G. OJERS 


Guild President 
Spartan School of Aeronautics, Tulsa, Okla. 

HEN we breathe, it is to give us continuation of life 

When a gyroscopic Auxiliary Horizon instrumen 
breathes, it is the beginning of its death. A number of the 
ories have been expounded on this breathing or, as som 
may call it, shimmying. In either instance, it is the lack 
perfect concentricity in the rotor. It is not readily foun 
or, when it is found, it is usually considered insufficient t 


Fig. 1 


create difficulty. This may be true—it won’t imm« 
but due to this breathing, or oscillation, the pe! 
vanes keep up a rocking or swinging motion that 
and wears, which is the cause of the instrument | 
resulting from the worn condition shown in Fig. 1. 
Let us start at the beginning. A mechanic, in ! 
tioning the parts of an instrument in ‘preparation 
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TRAINING FILM 


Ready now! The new Cannon Electric 
Slide Film with sound tells your employ- 
ees how to use electrical connectors cor- 
rectly and efficiently. Clears up confus- 
ing terminology. Explains assembly tech- 
niques. Shows how AN part numbers are 


T Guite 


DELAWARE Pace 
A, Oxtanoma 


















ttom of : a : 

py hid established and facilitates the ordering of 

rr infor- 

aiened replacements. 

address. 

ying CATALOGS . 
Engineers, production executives, service 
men need the basic information clearly 

, Okla. presented in the new catalogs covering 

nuation of life 

on instrumen many types of Cannon Connectors. 

number of the 

iz or, as som 

t is the lack o 

soto WALL CHART 








Gives the insert arrangement and shell 
sizes on AN specification connectors at 
a glance, thereby facilitating designing, 
wiring and servicing operation in facto- 
ries as well as in the field. 


insufficient t 





Seo TEAR OUT THIS COUPON AND ATTACH IT TO YOUR BUSINESS LETTERHEAD 


CANNON ELECTRIC 


Cannon Electric Development Company 
Dept. A-123, 3209 Humboldt Street * Los Angeles, California 
Please send us more information on the visual aids 
checked below: 

TRAINING FILM [1] CATALOGS C) WALL CHART [] 
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assembly, balances the rotor until it is good t 
when an automatic balancer is used, until it 
certain tolerance of vibration—usually wel] 
able limits of perfection. 

But this condition is due to the rotor not b« 
concentricity, although to such a minute ext 
considered negligible by our sense of feel, or | 
cal indication of the automatic rotor balance 
Our biggest difficulty is in differentiating bety 
concentricity” and “out of balance.” 

You may wonder why a rotor that is “smo 
to pass inspection in the housing could cause t 























Casy stfu ale in one unl - 


INDUSTRIAL PRECISION CLEANING MACHINE 


CLEAN and DRY instruments, meters, gauges, bearings — 
all small parts, Speedily, Easily, Perfectly. L & R is used by 100 
Industries. Write for illustrated, descriptive literature. L & R 


; . the instrument is assembled. Let us refer to Fig. 2. It is cu 
chemists and engineers will help you. 


opinion that a rotor slightly out of concentricity, although 
LaR MANUFACTURING COMPANY perfectly balanced, will have a small amount of oscillation 
54 CLINTON STREET, Dept. AR, NEWARK, NEW JERSEY that finds its center of axis where the line A-A bisects B-B, 
(Note the equal distribution of mass weight.) 

Now refer to figure No. 3. Please note the lowered posi- 
tion of the center of balance shown where line A-A bisects 
B-B, caused by the added weight of the pendulum body 
Please note also that, due to this lowering of center of 


PRECISION as 
OPTICAL MACHINERY 
































“@ RADIUS 
AUTOMATIC POLISHING MACHINES 


@ 1,2,3 &4 SPINDLE 5 


























AUTOMATIC POLISHING MACHINES 
Capacity up to 16” Laps. 


@ OPTICAL GRINDING MACHINES pivoting, the original minute amount of oscillation h: 
@ CONTRACTORS for increased considerably; and, since our pendulum va! 


mounted so as to be free to swing under provocati 
FINE-GRINDING CERAMIC PARTS will do just that, creating the worn condition shown 


1. Also they cause the ultimate instrument failur 
BAILY VIBRATOR CO. | are so disagreeable to the pilot, costly to the ope! 
| and a setback for the mechanic in finding out that | 
1539 WOOD STREET PHILADELPHIA, PA. formed a job “unwell.” 


Fig.3 
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English or Metric Screw Feed 
Lever Attachment Available MOTORS—"/, H. P. and Smaller 


For Precision W ork on 


AIRCRAFT INSTRUMENTS 
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PERMOPIVOTS 


TIPPED WITH PERMOMETAL* ALLOY 


PERMOPIVOTS are tipped with a special alloy which has the 
following exceptional qualities: 


WEAR RESISTANT... The Permometal tip 


gives precision instruments longer life and greater 
accuracy under actual operating conditions. 


NON-CORROSIVE... Permopivots cannot rust 


or corrode. 


NON-ABRASIVE ... the satin-smooth tip elim- 


inates abrading particles of wear. 


ELIMINATES OIL...1 is often possible to 


eliminate oil because of the extremely low coefficient 
of friction with Permopivots. 


*T. M REG.U.S PAT. OFF 






PERMO, Incorporated 


6423 RAVENSWOOD AVE., CHICAGO, ILL. 


MANUFACTURING METALLURGISTS 


WRITE TODAY FOR DESCRIPTIVE FOLDER 


NO OBLIGATION 





R. S. GAUGE TESTER 


PORTABLE Adapted to field testing, also suit- 


able for testing in laboratory and plant. 


COMPACT The Brass Weights are carried with 
the tester in a hardwood carrying case. 


DEPENDABLE Accurate results in testing are 
obtained as careful calibration with Standard Tester 
is made on each instrument. 


Catalog 26A for Scientific Instruments 


THE REFINERY S 


tell sae @hai 


UPPLY CO. 


hse pers neiatatpameesit Phin ant. sdicnnisinensbctninaimiansais 


621 E. 4th Street TULSA, OKLAHOMA 
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Standardization Throug': 
Cooperation 
By R. G. OJERS 


Spartan School of Aeronautics, Tulsa, 0 

President, Aircraft Instrument Guild 
NE of the first duties of a manufacturer is to knod 
what the public desires or will need; then build y 
Second, the article or unit must be quantity-produced, y 
that its cost will not be prohibitive to the little man, Lad 
but not least, it must give good service, which means thy 
if it is a technical product its design and construction mys 
assure longevity of operation, maximum accuracy and eff 

ciency with minimum maintenance. 
The field of aircraft instruments is no exception 


A few years ago, as at present, it was a condition large| 
due to competition and the survival of the fittest, since th 
manufacturers were trying to outdo one another in design. 


ing what they regarded as superior instruments, regardleg 
of cost. 

The commercial operators, following the same trend, wer 
attempting (and in most instances, successfully) to cope 
with the rapid advancement of aviation. 

All this time the private operators have been struggling 
along from the earliest brainstorms to the present-day 
achievements. As to the latter, the majority of these oper. 
ators owning the standard pleasure-craft and light buzi- 
ness-planes were well-to-do individuals or flourishing com. 
panies, so that cost was of little concern. 

We as mechanics are not attempting to revolutionize the 
present procedures of the instrument manufacturers, but to 
help them in their giant strides for achievement. Perfection 
is rapidly being gained by their own engineers and the 
engineers and scientists connected: with the N.A.C.A., the 
Bureau of Standards, the Guggenheim Laboratories and 
other institutions—not by pulling rabbits out of the hat but 
good old “down to earth” design and construction. Through 
long years of experience they have learned to anticipate 
our needs, in some instances years before conditions brought 
about the necessity of instruments being mass-produced. 

The various manufacturers have long been sending out 
experimental models of instruments to the commercial air- 
lines and the Army and Navy, for trial runs to catch their 
performances in actual operation under varying conditions 
—in climates cold, hot, wet, dry, high and low, dust and 
sand, after which this information was accumulated, con- 
solidated and digested and the important life-giving factors 
were put into the instruments for production. But one phase, 
while not entirely neglected, was given somewhat of a back- 
seat. I refer to economy in maintenance. 

Economy covers a large field and there are many points 
of discussion, pro and con. I will confess that the problem 
is too weighty for any one individual to comprehend or 
solve, and so, in all fairness, a subject of this magnitude 


should be open for discussion. In fact, we should do all 
possible to encourage the writing of articles by mechanics 
and by executives far and wide, manufacturers, private 
owners and commercial operators. The airlines may |ook 
upon this as a minor item in comparison with propellers, 


engines, and even aircraft; but remember, these are to b 
included. It wasn’t so long ago when the subject of mair- 
tenance man-hours was seriously considered; and it wont 
















be very long until it will be again. 

At present, the private owners will say “Most of ou! 
planes have been taken away from us or grounded, so why 
should we give it much consideration?” A large majority 


of the mechanics will say “Regardless of what comes out, 
we will fix.” The manufacturers are busy trying to meet 
schedules and supply instruments in large enough quant- 
ties. On the whole, the present situation makes it difficult 
for any individual, company or single group to spend nuch 
time on the one important factor—designing and building 
for economy—standardizing for economy. 

These instruments were run through the various opera 
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TEST EQUIPMENT FOR 
AIRCRAFT INSTRUMENTS 


by Tcleviso 


IJjusteation shows final checking of Model 39 
-yn Calibrator and Polarity Checker which 


Auto L 
will calibrate ten degree spaces with an accu- 
cacy of plus or minus two minutes. The Model 


39 is especially adapted to rapid checking of 
standard or special autosyns. 


Other Test Equipment Available: 


» Vertical and Gyro Horizon Rotor Vibration Test 
» Autosyn Voltage Calibrator 
y Azimuth and Vertical Gyro Final Test 
» Follow-up Motor Run-in Stand 
* Emission and Deflection Tube-Tester 
% Dynamic Autosyn Test 
% Trim Tab Torque Indicator 
* Variable Balance Power Supplies 











COMPLETE LITERATURE 


on aircraft and industrial electro-mechanical test equip- 


ment available on request to government agencies and 


Other units built to your specifications producers of war materials. 


Televiso Products, | NC. 


6533 N. OLMSTEAD (Northwest Highway), CHICAGO, 31, ILLINOIS 
PIONEER BUILDERS OF SPECIAL ELECTRONIC INSTRUMENTS 
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... “BENDIX AUTOSYN” systems offer broad 
possibilities for remote indication and control. 

HE “BENDIX AUTOSYN” systems of remote indication 
Tina control have for years been serving our Navy 
and Merchant Marine. Now, this rugged, precision-built 
equipment is finding equally vital uses in many other 
fields . . . on giant power dams, for example. 

Through a simple, five-wire system, one Transmitting 
“autosyN” Motor synchronized with one or more Re- 
ceiving “autosyn” Motors provides accurate, dependable 
remote control of motors, valves, gear speeds, lighting 
systems, etc.; or remote indication of position, tempera- 
ture, pressure, quantity or well-nigh any other data 
measured by instruments. 


Such a system will save time, eliminate errors, speed 
production for you. Write today for full information. 


The “BENDIX AUTOSYN” System is a 
vital member of “The Invisible Crew”— 
precision equipment which 25 Bendix 
plants, coast to coast, are speeding 
'0 our fighting crews everywhere. 


MARINE DIVISION : BENDIX AVIATION CORPORATION - One Hanson Place, Brooklyn, N. Y. 
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DETACHABLE 
SNAP-SOCKET 
PILOT LIGHT 


Gothard Series 800 Pilot Lights are very popular 
for switchboard and similar mounting. Socket and 
new style rigid terminals that cannot work loose 
or twist are integral parts of the spring member, 
which locks firmly into Jewel housing. Socket is 
easily removed with spring member for replace- 
ment of lamp bulb. Bulb may also be inserted 
from front of panel by removing slip-ring mounted 
Jewel. Range of Jewel colors—plain or faceted— 
miniature or candelabria screw sockets, or minia- 
ture bayonet sockets. 


Kequest the 
Gothard Pilot 
Light Assem- 


blies Catalog MANUFACTURING COMPANY 


for complete 


information. 1355 NORTH NINTH STREET, SPRINGFIELD, ILLINOIS 





) prom Production 
: N Fronts 
2 To 


America is delivering faster and 
faster . . . trucks, tanks, planes, 
guns, war materiel and equipment! 
PRODUCTIMETERS cre on guard on the Production Fronts, counting 
parts and finished units night and day. They give accurate count for 
effective production control .. . save valuable manhours . . . prevent 


waste. For counting or measuring problems, write for our recommen- 


dations and REFERENCE BULLETIN NO. 100. 
ABOVE: Model 5-D-1-MF Electric for use with “electric eye 


DURANT MANUFACTURING COMPANY 


fum Street PRODUCTINETERS 194 Eddy Street 


Milwaukee, Wis SPELDOM NOUSTAY Providence, R. I 
~ r 
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tions for actual flight performances, but th. 

seldom if ever allowed to look at the inside of 
mental units. Now for economy’s sake, afte 

hours of operation, allow a certified mechani 
to overhaul completely this experimental mo. 
receiving instructions as to procedure from t! 
then will send in a full report, plus some of | 
mation as to how this instrument should ly verhaul 
using the tricks of the trade he has learned through agty 
experience in overhauling various types of instrun, nts, Ty 
will be a definite help to the writing of servic 

Every mechanic who sends in such a rep 
course be a competent man. He must bear in m 
liarities of the instrument, its weak points and its stro 
points as to physical construction, its possibilities to wif 
stand shock and hard use. He must also bear in ming 
suggest where it may be strengthened, where it may 
standardized, for more simplicity in maintenance. For ¢ 
ample one new instrument must have bridges cut ay 
when possible to make all adjustable parts easily acceggi} 
In particular, the mechanic should indicate where parts aj 
material may be substituted from other instruments—sy 
parts as cover glasses, hands, pivots and, last but not les 
screws. 

The present non-interchangeability and non-standardj 
tion of screws is a bigger headache than most people o 
side instrument shops realize. We recently ordered two s 
cial types of screws from a concern that specializes j 
screws, after being refused shipment by an instruma 
factory. Yes, these could be obtained for $2.80 per gro 
plus thirty dollars for each type of setting-up of the neca 
sary equipment. Another example—a well-known Rate 
Climb uses thirty-six screws. Of these thirty-six screw 
there are fourteen different sizes and types. Investigatid 
shows that five different types would be ample for this i 
strument. 

All right, let’s multiply this by all the types and makd 
of aircraft instruments in use today and it will explai 
why, in our screw cupboard, we have over one hundred ay 
sixty different types and sizes of screws, and from thirty 
six to two hundred and eighty-eight of each type and siz 
at a cost of $1.05 to $4.80 per gross! We pride ourselvd 
in having one of the best collections of screws in existen 
for a shop of this kind, but the sad part is, we know o 
stock is only one-fourth complete. Why? Lack of standardj 
zation? Lack of coéperation? Certainly not lack of willing 
ness to codperate. Can’t anything be done about it? 

We all realize that the pressure of the war effort make 
this difficult to consider at the present time, but isn’t | 
quite like the first shock of a cold shower that takes ou 
breath away, but the after-effects are so satisfying? 

The airlines have a very concrete organization amon 
themselves and, even though they are competitors, the 
realize the necessity of close coéperation through standardi 
zation. 

I’m sure that if some organization would take the lea 
in a movement of this kind (not on screws alone but malty 
other parts of instruments), everyone concerned would 
more than willing to codperate to the utmost to bring abou 
a more worth-while procedure of standardization whit 
would mean a saving to the operators of thousands of 0 
lars in material and thousands of man-hours in labor, es} 
cially in times like these when good skilled instrument me 
chanics are so hard to obtain. 

Through all the post-war planning, this should be ver 
close to the front of our minds. The writer, having )\ 
returned from a trip back east, was amazed to find the tw 
extremes. One organization, in the wild scramble for produt 
tion, has been able to do little toward standardization 1 
economy’s sake. Another organization had definitely pianné 
this from the very start and its production and p« 
have both climbed by leaps and bounds, but ther: 
room for improvement. Others are making gallant 
with more or less success. 

I found that without a single exception they were all & 
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vow made certain and accurate with the help of 
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WAPPLER 


INDUSTRIAL TELESCOPES 


“Precision Instruments for 
the Exacting Inspection of 
Internal Surfaces. 
For prompt action and our recom- 
mendations, include drawing of 
part to be inspected, or preferably 
the part itself. 





Industrial Division 


AMERICAN CYSTOSCOPE MAKERS, Inc. 


1241 Lafayette Ave 
























FREDERICK C. WAPPLER, 
(Bronx) New York, U.S.A. 
























Greatly improved the early steam engine of Newcomen. ¢ Per- 


tured an engine embodying this principle. © The unit of electrical 
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Science has greatly advanced over 
that of the earlier days. In the field of 
aircraft instrument testing Meriam 
Manometers are widely used, e.g., the 


MERIAM ‘sinv' 
MANOMETER 


The instrument is of the direct reading 
well type design incorporating an eight 
sided scale selector, permitting the 
selection of proper scale for particular 
aircraft instrument being checked. All 
scales are adjustable to suit barometric 
conditions in any specific locality and 
are direct reading in miles per hour- 
knots-pounds-inches-millimeters, etc. 
The range is from 0 to 61 inches of 
mercury or water. An integral return 
well prevents loss of indicating fluid. 





The manometer is fully described in Bul- 
letin 22. Copy will be mailed on request. 


THE MERIAM COMPANY 


1971 West 112th Street Cleveland, Ohio 


MERIA 


SINCE 1911 


* 


MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT 
OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES 
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@ The Alnor Pyrocon is 
a convenient all-purpose surface 
temperature pyrometer ideally 
suited to a great variety of indus- 
trial plant needs. 

Accurate temperature readings 
are obtained in a few seconds 
of plastic materials, liquids, oils, 
and similar materials, and flat 
or curved, stationary or moving 


The rugged, shock- resistiny 
movement is used with any one of 
eleven types of thermo-couples, 
interchangeable without adjust- 
ment or re-calibration. Choice 
of rigid or flexible arms, or both, 
instantly interchangeable. Built 
in several standard ranges, 0-300 
deg. F. to 0-1200 deg. F. Write for 
Bulletin 3511 giving complete 





surfaces. description. 


lilinois Testing Laboratories Inc. 


142 West Hubbard Street Chicago, Illinois 


IMMEDIATE DELIVERY 


FEDERAL 
Taperlock Plastic 


GAGE HANDLES 


LIGHT WEIGHT PLASTIC HANDLES give gages more sensitive touch be- 
cause they are lighter than any metal. They reduce fatigue and insulate 
gages from bodily heat, safeguarding accuracy. 


EASILY MARKED for identification with the same stamps used for marking 
metal handies. 

NEW PRICES represent a2 real saving. 

IMMEDIATELY AVAILABLE IN 6 STANDARD SIZES and in any quantity. 


MADE IN FOUR COLORS, Red, Yellow, Green, Black for quick identification 
of types or sizes. 


IDEAL FOR THE NEW GLASS GAGES which require light weight handles 
for best results. This light weight feature in Federal. handles reduces the 
danger of breakage and also adds to the sensitivity. 


FEDERAL TOOL CORPORATION 
408 North Leavitt Street Chicago, Illinois 
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tremely eager for help and codperation to better this 
dition, which brings out the reason for this article — 
Please allow me to repeat, this is too much for any one) 
—there is room for a tremendous amount of debat, 
haps the first thing to be debated is initial cost, We, 
appreciate in advance that costs are involved, hut wo, 
it prove to be far cheaper in the long run? I think &0! 
The aeronautical industry is the offspring of a mary 
institution, capital and labor. So instead of the yg, 
accessories—hydraulics, engines, radio, instruments, te 
being made separately then grafted to the main body, g 
these units to grow more directly from the trunk , 
absorb from the heart of the industry the life-blog 
vitally necessary for perfect harmony of growth, they 
eliminating the need for so much surgical attention, 





The A.1.G. Q&A Column 


[NoTeE—Guild Recorder E. M. Allsman, who conducted, 
column from the start, has become associated with angi 
firm and his present employment is such that it ig diffg 
for him to take care of Q&A. I am pinch-hitting unti), 
other regular Conductor can be assigned by the Guild 

We have received a number of requests for informa; 
from instrument mechanics who are non-members. Ply 
let me explain that our space is limited and it is only { 
to answer the requests from members, although if ti 
allows, we will answer all questions by letter and be g 
of the opportunity to be of service, whether you are am 
ber or not.—R.G.O.] 


. * * 


Q. Does centrifugal force have as much effect ona) 
rectional Gyro as it does on an Auxiliary Horizon? (W.138 
Chicago) 

A. No. Remember the Directional Gyro gimbal ring 
balanced perfectly, both horizontally and vertically, bef 
it will give perfect performance. If this is not done, th 
centrifugal force may play a small part if maintained { 
a long enough period. 


* * * 


Q. If there is a noticeable vibration of the pointers 
Turn and Bank Indicator when in flight, should mores 
less damping be applied to lessen vibration? This oceu 
when the fork assembly has been properly fitted to the bil 
ance plate stud and there is not an excessive amount | 
vibration from the rotor itself. (W.T.B., Chicago) 

A. You call it vibration, although I am inclined tok 
lieve you are speaking of a swinging condition caused }j 
not enough damping, allowing the instrument to be ove 
sensitive, making it difficult to hold the hand on the ke 
stone, especially if the flying is a little rough. Yes, the i 
strument should be damped. There are three kinds of han 
movement on a Turn and Bank Indicator: fluttering hav 
caused by the fork assembly having too much play on ti 
balance plate stud; excessive swinging; not enough dam 
ing, hand vibrating, rotor out of balance. 

* * *« 


Q. Is the Directional Gyro affected by the rotational for 
of the earth? (W.T.B., Chicago) 

A. Yes. A Directional Gyro tends to maintain rigid 
in space. If it were possible to remove all friction, then tif 
rotation of the earth would have a pronounced affect 
the gyro. As an illustration, if the axis of a free-spinnil 
whee] is set in a horizontal attitude with one end pointil 
north and with the wheel turning at a continuous rate 
speed, we shall find that for each hour that passes, the aX 
has moved in azimuth (away from north) a definite numb 
of degrees. Of course the direction of rotation of the whe 
will govern the direction of movement. This phenomenon! 
known as “precession” and is caused by the effect of ti 
earth’s rotation and amounts to approximately fifteen é 
grees per hour. Now as far as we mechanics are concerné 
(and pilots also) we need not trouble ourselves with this 
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VEEDER-ROOT 


INCORPORATED 
HARTFORD, CONN. 
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At Last... A PORTABLE “ORSAT’! 
The amazingly simplified FYRITE 


“Orsat’’ Analyzer makes accurate 
flue gas tests easy—instantly tell- 
ing you what percentage of your 
fuel is being wasted. The FYRITE 
is conveniently held in the hand 
while analysis is taken. It is ac- 
curate within 1% of 1% COz; spill- 
proof in any position; rugged, 
durable, compact. More than 


7000 in use. 


OXYGEN ANALYZER designed 
on same principle available soon. 
Write for particulars. 


RETURN COUPON BELOW. Obtain literature 
on Fyrite and learn how to get immediate 
delivery under priority regulations. 


[ sexo BUL. 338 on FYR/TE “ORSAT” 
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Operational Condition 


Test Equipment 


Army, navy, air corps, and C. A. A. specifications 
for Electronic products as well as instruments and their 
component parts require operational condition testing— 


| cold, heat, dust, humidity, salt spray. 


Whether for development work or for production 
testing calibration, Northern Engineering Laboratories 
can supply you quickly with standard or custom built test 
chambers which will provide all of the atmospheric condi- 
tions your specifications require. 


Model NEL135-43 in performance— 


is typical 


| -100°F to +160°F; 20% to 95% R.H. in the physical 


range; altitude simulation from sea level to 80,000 feet. 
(%%" Hg. absolute) The graphs below show actual flight 
simulation curves of performance of the unit pictured 
above. 
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Rugged construction—complete shock and vibration 
isolation—Electronic indicator controller—-full view obser- 


| vation window—fully automatic operation—high and low 


frequency electric connections from instrument panel to 


| chamber interior—temperature controlled to plus or minus 
| 0.2° F of selected temperature—fully mechanical refriger- 


ation with complete refrigeration control—Freon 22 re- 
frigerant—feature this laboratory instrument. 


For complete details write for bulletin No. 20. 


NORTHERN 
ENGINEERING 
LABORATORIES 


5O CHURCH ST., N.Y. C. 
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| For Your Laboratory, Product, or Production Line 


ip | 
CONSTANT VOLTAGE 





* Output voltage 110, 115, 120; 1% accuracy. 

* Input range 95 to 130 volts. * indepen- 

dent of load. * No moving parts. * High 

efficiency. * Power factor better than 90”. 

* Negligible time constant. * Sizes from 
15 to 2000 watts. 








EXPORT OIVISION: 100 VARICK STREET 


Bsa 











NA 


HI DIR © 


= METALLIC BELLOWS < 


We manufacture HYDRON bellows and bellows assemblies ready for 
installation in steam traps, relief valves, temperature regulators, pressure 
regulators, air valves, and automatic temperature and pressure controls, 
including aircraft engine cooling systems, carburetors, and super-chorgers. 
We also manufocture HYDRON extruded tubing for aircraft prestone 
radiators, oil coolers, inter-coolers, and after-coolers, for liquid-cooled and 
air-cooled motors. 


CLIFFORD MANUFACTURING CO. 


CHICACO 564 East First Street DETROIT 
221 N. LaSalle Street BOSTON, MASS. 6432 Cass Avenue 
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thought, because there is no known bearing wit 
and friction causes precession. While there 
of known causes for friction, it is counteract 
tion through the air jets and balance weights 
all our Directional Gyros to maintain a zero on 
for twenty minutes, with a maximum of ty egress 
each of the other three headings. This requires « |ittle mo 
time but is worth the time spent and is fairly easy to q); 
the mechanic performs his work as he should 


t frictig 
2 num! 
y Caliby 
calibra 
) headiy 


* * * 


Q. Why does the compass fluid turn dark afte, being 
the plane so short a time? (M.C., Somewhere in. Afrieq) 

A. Compass fluid (standard) is an acid-free kerogo, 
The purer it is, the longer it will stay clear in a compas 
It is the small amount of acid still remaining that becom, 
light-struck from the sun rays, causing it to turn a day 
brown. You may be using an inferior quality compass fyj 
but another probable reason is that the sun’s actinic ray 
are more intense in Africa than in most locations jp ¢, 
U.S.A. I would suggest that while the plane is sitting q 
the ramp, not in use, the compass be kept covered wit 
masking tape to keep out the sunlight, 


An Instrument Mechanic’s Nightmare 


HE current passes through the levigated alumina thene 

to the soapstone ridge with a by-pass of 100 ohms ¢ 
the Venturi tube. This actuates the handstaff by means 
friction which analyzes the exhaust gases and turns th 
rotor at a high rate of speed. The dial rotates violently igi? 
a E.W. position and the sector gear reverses position on th 
handstaff and the instrument flies apart with a reading 9 
zero. (Sent to an instructor by one of his former students, 


Now, more than ever, indus- 
trialists realize the importance of hav- 
ing accurate measurements of their 
stored liquids available at all times. 
LIQUIDOMETER Tank Gauges insure 
true, convenient, hazard-free, 100% 
automatic readings. No pumps, valves, 
or auxiliary units required to read 
them. Models are available so that 
readings can be taken remotely from 
or directly at the tank. Remote reading types utilize balanced 
hydraulic transmission system which completely compenscates for 
temperature variations on communicating tub 
ing. Accuracy unaffected by specific gravity 
of tank liquid. 
Approved for gauging hazardous liquids by 
Underwriters’ Laboratories and similar groups. 
Models available to automatically control 
pumps, motors, signals or other devices for 
maintaining minimum or maximum liquid levels 
Write for complete details 


THE LIAUIDOMETER corp. 


oe 


36-27 SKILLMAN AVE. LONG ISLAND CITY, N.Y. 
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Iv’S EASY TO BE 
ACCURATE WITH 


ADJUSTABLE LIMIT 
sNAP GAUGES 


The M-G Snap Gauge is the only adjustable limit gauge having the 
djustable and locking means both completely housed within the heads. 
io screws are exposed after the wax sealing hes been applied and there- 
ore, when once sealed, the gauge cannot be tampered with unless the 
ealing is removed, 

The M-G Snap Gauge is also the only adjustable limit gauge equipped 
ith square anvils. The shape of the pins themselves prevents any possi- 
bility of turning in the hole and therefore the necessity for keyways or 


ther devices to prevent this is eliminated. The square anvil presents a 


traight edge to the work to be measured, has greater wearing surface, 
ears more evenly and requires decidedly less grinding to maintain the 
nds of the pins parallel. The adjustment in each size is sufficient to allow 
veral regrindings and lappings. For prices and further information write 


-G GAGE COMPANY Syracuse, New York 


Representatives Wanted in Certain Areas 


LOSED GLASS FRONT 
NDUSTRIAL 


H-B INSTRUMENT COMPANY 


INCORPORATED 
2525 N. Broad St., Philadelphia, Pa. 


H-B THERMOMETERS 


Stratospheres 
Safeguard Flyers 


Vital instruments and materials employed 
in producing America’s fighting planes are 
tested according to United States Govern- 
ment specifications for precision, accuracy 
and dependability by KOLD-HOLD 
stratospheres. Actual flying conditions 
at any altitude can be simulated as desired. 
Our engineering department is prepared 
to assist you in temperature and pressure 


problems. 


DETAILS UPON REQUEST 


PHILADELPHIA 
LOS ANGELES 


NEW YORK 
CHICAGO 


KOLD-HOLD MANUFACTURING CO. 


441 N. Grand Ave., LANSING, MICH., U.S.A. 
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Solving Control-valve Pressure-drop P, blems 
Concluded from page 400 


* 
other conditions might exist in that same cir, All th 
| ( is needed, then, is a variable pressure regulat, dea) 
a valve for automatic control. Fig. 5 is a qd ammat 
y, LO sate 


sketch of one scheme for accomplishing the d 
The “zero balanced” regulator produces a pressure patte 
unit thot has + 1/10 degree ° on its outlet equal to the pressure pattern imposed from Dit 
sensitivity ond a range of line a.* A small pilot circuit is made with a regulator ».), 
minus 100° to plus 600° F : and fixed orifice as shown. Between the contr: a) 
High lood-cerrying capacity. the small valve is a cam which can be readily removed «, 

replaced by another cam of different contow Thus, ie 


flow curve or pressure pattern is produced by the viele 
choice of cam. This particular pressure message oy waite 
is relayed to the main regulator where the same curve 
superimposed upon the main flow circuit. . 


€d resy 


The only temperature control 





Because of its many applications to 
all forms of heat (and cold) control, 
the THERMOSWITCH has long been 
outstanding. Special and standard 
mounting heads has made adaptation eS 
possible in most branches of industry. LEADING VALVE 
Pictured above is a cutaway view of 
the cartridge THERMOSWITCH 
showing the precision parts and 
rugged, unique construction. Write 
for details. 


- 





TO BURNERS | 





ZERO BALANCED 
REGULATOR 


6 MAIN ST. a 


ASHLAND 
MASSACHUSETTS 











CONTROL MOTOR | 
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| 
RELAY 4 ORIFICE 
LEADING VALVE / 





TO BURNERS 











UPRIGHT GAUGE No. 13 

The model best suited for general i 
testing and measuring in _ thou- FOLLOWING VALVE 
sandths inches or less. Base is 
8 inches square. Capacity for 
measuring to 6 inches. Weight = In practice, the main regulation is accomplished in tw 


av pounds. _<_ stages in order to maintain accuracy and to meet the n 
pressure-drop requirement. A relay receives the messag( 








+ 


Price 
in pipe line b, moving the “following valve” until the pres 
sure at point c is correct and in step with the pressure @ 
point d. The following valve is a full-pipe-size buttert 
valve giving no pressure drop when wide open. Thus, thé 
above four requirements have been accomplished. 

If it desired to maintain flow instead of pressure in cas 
of a change in downstream resistance such as a cloggin 
up of the burners, this may be accomplished merely by 
placing the pressure tap at ¢ with an orifice plate hav 
pressure taps before and after. 

For many years the control valve has been the uncerta 
factor in the perfection of instrument control. Now, Ww" 
this new method, this uncertainty and limitation has bee! 
removed and the instrument may be further refined unt! 
practically all of the automatic control problems maj 


| y | ’ solved. 
H \| | *H. C. McRae, “Simple Pressure Regulators—Princi} 
Vol. 15, Febru 


and Their Characteristics.” Instruments, 
pages 44-45, 59. 
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EVERY DAY we are shipping these precision pres- 
sure gauges to be used in place of dead weight 
testers. They are accurate, dependable and easy 
to read. Delivery—2 to 6 weeks. 


RANGE FROM 0-60 Ibs. to 0-10,000 Ibs 


, TO BURNERS | | arr 
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@ Aerovox can supply you with precisely 
the capacitor types you need, because 





























(1) The general Aerovox line covers all 
usual, commonplace requirements; (2) The 














TO BURNERS Transmitting Capacitor Line provides those 
rns A UTOM extra - heavy-duty capacitors heretofore 
made to order for commercial-equipment 

Save Time and builders but now generally available; and 

| Materials with (3) Aerovox, with so many basic types, 

containers, sections, terminals and other 
oe PRINCO components, can quickly and economically 


build out-of-the-ordinary types for any ex- 
traordinary requirements. 


MECHANICAL 
and 
ELECTRIC 
COUNTERS 
Write for 
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Therefore, consult Aerovox literature first. 
More likely than not, you'll find what you 
need among our standard items. Other- 
wise, we'll gladly collaborate in working up 
special types. 













Send your problem... 
Engineering collaboration, recommendations, 
specifications, quotations, samples, cheerfully 
offered to responsible parties. Write on business 
stationery. 


Counting Problems Solved! 


Princo Mechanical and Electric Counters 
are made in types and sizes to meet widely 
varying requirements. Our extensive expe- 
rience is available to users in applying 
mt Counters. For suggestions just tell us what 
you want to do. 







the uncerta 
1. Now, wit! 
ion has beet 
refined until 


a 


Complete Catalog mailed promptly 
on request. 





lems maj Sy : V 

Pro uction Instrument Co mpany 7A AEROVOX CORP., NEW BEDFORD, MASS., U.S. A. 

nem pie 702 W. JACKSON BLVD. = CHICAGO, ILL. : in Canada: AEROVOX CANADA LYD., HAMILTON, ONT. 
: Manufacturers of Counting, Timing and Recording Devices Export: 100 Varick ST.,N.Y.C. + Cable: ‘ARLAB’ 
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HEADOUARTERS for 
THERMOWELLS 


W: are probably the only company 
whose engineering talents are de- 


voted exclusively to the machining of 


thermometer and thermocouple wells. 


As a consequence we have developed tech- 
niques which assure uniform wall thickness 
and concentricity of bore in any type of 
metal thermowell we are called upon to 


make. 


Both the quality and prices of our wells 
have been enthusiastically accepted by the 
Instrument Departments of many major 
Eastern oil companies and refinery build- 
ers. Our increased production enables us to 
offer them more widely, and we will wel- 


come your inquiry. 


TRINITY EQUIPMENT 
and SUPPLY COMPANY 


136 Liserty St New York Crry, N. Y. 














TED 


For Post-War Markets 


New ideas or patents relating to equipment, ap- 
paratus, or instruments applicable to research and 
control laboratory work, embracing— 


PETROLEUM TECHNOLOGY 
GAS TESTING 
BACTERIOLOGY 
PLASTICS, CERAMICS, CEMENT 
MATERIALS TESTING 
FOOD PROCESSING, CEREAL CHEMISTRY 
WATER AND SEWAGE TESTING 
RUBBER TECHNOLOGY 
METALLURGY 
also 
ELECTRONIC AND OPTICAL DEVICES, 
ETC. 


Our client is an old, reputable manufacturer with a 
record of successful management and excellent 
financial standing—recognized design and engineer- 
ing skill—skilled workmen—modern well-equipped 
shops—research and development laboratories— 
a technically trained staff—and complete sales 
representation throughout the world. All replies 
will be kept confidential. Address by mail only:— 
Earl Carlson & Associates, Dept. 737, 1 N. LaSalle 
Street, Chicago 2, IIL. 
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Speaking of Control—on the Blackboard 
(Concluded from page 393) 
(first sketch, for example) it is the conjunctive . ement 
° ° . = OF 
tween the indication and the command. One simy 
such a brain consists in a pair of adjustable electric con 
tacts whereby high and low limits are set; another simp| 
form is merely a rigid connection between a defi ‘ting a 
ment and a pilot valve. The pair of contacts, the pilot valy 
the electron tube, the photocell, or what not, is ¢h, pri 
relay. Except in self-operating controllers, the brain eg 
mands the power unit or servomotor through a prime relay 
In most cases the measuring element actuates the prim 
relay and it is difficult to realize that there is a brain Buf 
when we classify the possible behavior patterns the analogy 
to a human being is inevitable—and fruitful! So, in addi 
tion to the four classes of relations listed above, othe 
classifications were made. Examples: 

1. Whether normality is a geometrical “point” or a definite 
dead zone; and if a dead zone, whether it is a desired idjustable 
differential between “high” and “low” or an undesired consequence 
of some imperfection. 

This bit of methodology (scientific approach through classification) led to the con 
clusion that there is no such thing as an automatic controller without a dead zone 

2. Whether the characteristic is modified when the deviation is 
decreasing (when the indication returns toward normality) ‘nl 
stead of increasing. F 

3. Whether the indication is the defiection of a mechanical] part 
or a change in an electromagnetic magnitude (‘signal’) making 
possible the use of an electronic or photoelectric prime relay ang 
solving some lag problems. ; 

And so on until the mere descriptions of some of the possible 
modes of control filled nine pages of small type. Incid ntally, it 
was shown also that the characteristics of the application deter. 
mine the grade or even the class of a mode of control. (For ex. 
ample, ‘“on-and-off” is an absurdity in the absence of cay icity or 
“flywheel effect” in the application—unless extremely rapid, as in 
illumination control where “all-or-nothing” alternations of 60 per 
second are undetected by normal vision. ) 

Anyway, the crux of the whole matter was that it is im- 
practicable to name all conceivable or even all existing 
modes of control. It should be done on a quantitative basis 
It should be done with curves! Meanwhile, some distinct 
classes of behavior became so well-known that categorica 
names emerged years ago: “‘on-and-off” and “throttling” ( 
“modulating” or other names). There isn’t time to explai 
the development of the language but although we are deal- 
ing with concepts, a sketch representing things may help: 

h— Adj, for —>> 


| Throtttin range 


jor “sensitivity ee 


form of 








Setting Point— 
Normal Zone 





Ohne type of 
One\ way » Foe automatic reset 
\measurin or droop correctio 


4 RAT -- or stabilizer ,? 
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Orifice ——_——s 











Look first at the heavy solid lines only. They show : 
ment giving a rigid mode of control which in 1930 we 
“corresponding” but which is preferably called proportiona 
tion (not “proportional” alone, which sometimes means propo! 
tioning supply to demand without droop). The heavy solid lines 
show equilibrium at the setting point—demané and supply bal- 
anced. The heavy dotted lines show what happens when demand 
is maximal: in order to open the supply valve wide t! 
must droop below the setting point. Now look at the thir 
First, the lateral shift of the fulcrum F which is the adjust! 
for throttling range. Imagine the “proportional sensitivity” 

(F:) ; the droop will be halved. Droop is proportional to thi 
range or inversely proportional to “sensitivity.’’ (Droop varies W! 
load but is seldom exactly proportional thereto.) 

Now what would a human brain do? Obviously, shift the f 
vertically as well as laterally, in order to take better care ol! 
changes. This idea had been used decades ago in the |! 
3overi, Smoot, Askania, Hagan and other big “regulators 
was adapted to the “instruments,.”” See the arrangement ¢ 
thin lines in the center. (Bear in mind it is merely symbol 

What else could a human being do to achieve perfect « 
Now, a good deal depends on application lags, delays, cal 
etc., so a brainy brain will make decisions based on the 
deviation. See the thin-line arrangement at the left. 

What more could the brain do? The foregoing suggests 
swer: receive signals from a plurality of measuring elements ! 
order to anticipate . .. but enough for a first lecture.—M. F 
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to many Production Problems! 
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@ One way to help meet production schedules 
aus taal is to make certain operations automatic. Instru- 
on all existing 
ntitative basis 
- some distinct 
hat categorical 
throttling” (0) 
ime to explair 
h we are deal- 
ngs may help: 


ment makers have done it again and again 
with the help of self-starting, synchronous 


Telechron motors. 













© Telechron motors operate indispensable in- 


The War... 
and the 


struments of many kinds for the Rubber, Chem- 
ical, Metal, Aviation, Petroleum, Power, Textile, 


























Telephone and other industries —and these 
are among the varied applications: 














Physicist 
TIMING SIGNALING 
CONTROLLING MEASURING 
In today’s global war, the physicist METERING GAGING 
has a role of far greater importance proritn aebn pen cen 
than in any other conflict since the dawn of history. CYCLING OPERATIONS 
The electronic principles employed against submarines; 
the new radio devices which help to locate and destroy © The above list suggests the versatility of these 
rw enemy aircraft and shipping; the mechanical, thermal accurate little motors (12 to 250 volts, 1 to 1800 
930 we called ; ae ‘ : , c . 
portional posi. ad optical principles involved in bombing and defense RPM) and their easy adaptability to almost any 
means propor: ®t against bombing—these are but a few of the developments 
avy solid line : ; iy industrial purpose. 
oe waeeiy: bal which reflect the skills of the physicist. 
when demand ’ a ; 
wide. th float All Spencer optical instruments are products of physical © All that we've learned in our long experience 
he adjustment 4m Slence. Today they include instruments for control of is at your service—to help step up production 
tivity” double’ J gunfire, for observation, for navigation . . . in addition ‘ 
il to throttling 7 y P t for Victory. 
op varies with J— tO microscopes and other standard peacetime instruments 
ft the fulcrum ( Ceing produced in unprecedented numbers for the Armed \i 
r care of load Forces 
1 the Browr 
lators” t WARREN TELECHRON COMPANY 
nent dr 
ymboli ASHLAND « MASSACHUSETTS 
speed case Spencer LENS COMPANY 
n the BUFFALO, NEW YORK 
leaks es SCIENTIFIC INSTRUMENT DIVISION OF 
Saints ir AMERICAN OPTICAL COMPANY 
—M. F.. Behar =e WH 
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Mechanized Titrat 


Eves and ears OK! RAWSON Concluded from is re 
D.C. MULTIMETERS Operating Procedure. TT} inalyzer 


The mechanic completes his check, and is operated as follows: 

the ship moves out on the runway. A (1) Turn on air supply adius 
score of shining faces on the instru- pressure regulator valve unt ap si 
ment panel say, “We're ready!” 1” water pressure is indicated = a, 
manometer. 

(2) Fill reservoir with 0.0 
nitrate (approx. 50 cc.). 

(3) Turn on _ power switch. The 
burette will automatically fill itself ang 
return the pen to zero. Until the grapy 
button is pressed, the burette wil] eo». 
tinue to refill itself should there be an 
leakage at the “drop” valve. Thus th, 
titration will always start from a com. 
pletely filled burette. 

Type 501A (4) Allow ten minutes for the tubes 
Accuracy > of 1% to become thermally stable and the 
press in the ZERO ADJ. knob (this shorts 
the electrometer leads), and adjust fo, 
zero electrical reading. Since the mill. 
voltemeter is highly damped, adjust. 


Climbing, gliding, zooming—these 
tiny dials “hear” and “‘see”’ the things Readings from 2 microamps to 1 
the pilot’s got to know. Mixture. Gen- ampere on 5 ranges, and 20 micro- 
erator. nad RPM. They must have volts to 1000 volts on 9 ranges. 

the pilot’s confidence. The instruments Ase 


must be right. 
THERMAL MULTIMETERS FOR A.C. 
Special Apparatus Built to Order 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


110 POTTER ST. CAMBRIDGE, MASS. 
Branch: 15 East 26th St., New York City 


Representative: E. N. Webber 
4358 W. Roosevelt Rd., Chicago, Ill. 














They are right, thanks to the ability 
of American manufacturers to produce 


electrical indicating instruments of 
great accuracy. Regardless of tempera- MANUFACTURING 
ture, altitude, or attitude, they are 
“eyes” and “ears” on which the pilot RIGHTS WANTED 


may rely. Producing instruments of 
this kind is a job of which we're proud. 


Independent manufacturer ments must be made slowly to prevent 
overshooting. (Note: This zero point is 

with complete engineering not to be confused with the mechanica 

zero which is the normal rest posit! 

of the pointer and corresponds t 

mv. on the scale.) 

(5) Place 100 ml. of gasoline 
tional industrial sales organ- ml. of electrolyte (—0.1 N sodium ace 
tate in isopropyl alcohol) in the beak« 
ization wishes to develop new and place it in position on the titratior 


and research staff, produc- 


tion facilities, and interna- 


stand. Start stirrer end press STARI 
te WY markets and products, pat- button. 


ticularly steam plant or allied The sequence of events following 
actuating of the START button is as I 
process apparatus and in in- lows: (Refer to Figs. 1 and 2.) 
The drop valve Lz, through contacts 
strument and control fields. 2 and 4 of relay Ag, opens within a fev 
Write brief letter. Address seconds and allows a drop of silv 


G Pauls nitrate solution to fall into the titra 
2 ga a a ‘on, Ohwo Box 78, c/o Instruments Pub- tion beaker. Additional drops, controll 


: er) by the cam-operated Microswitch D; 
Manufacturers of Electrical Indicating lishing Co., 1117 Wolfendale which is driven by Telechron mote 
Instruments, Electrical and Navigational M.. fall at intervals of 7% seconds 


Instruments for Aircraft. Street, Pittsburgh, Penna. Thde-etven co@aheththas fot 


brium to be established. As eac! 


No matter how many bonds leaves the burette, the silver 


you've bought—BUY MORE! 
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These engineers can help you quickly 
— at no cost or obligation 


If you want to cut your degreasing costs and speed up your metal-cleaning work—if 
you have a difficult metal-cleaning job that’s giving you trouble—get in touch with us 
at once! There is a lot more to solving a degreasing problem than just buying some 


new degreasing equipment. Our engineers travel from coast to coast working on every 


possible type of metal-cleaning operation. They have licked some problems that were called impos- 


sible. They are specialists in degreasing with many years of experience in that field. They will 


tackle any job—without a penny of cost or obligation to you 


and we mean just that! Write to- 


day telling us what your problem is—and you will get quick action! 


PHILLIPS MANUFACTURING COMPANY, 3436 W. Touhy Ave., Chicago, Illinois 


i We alle 











SALES ENGINEER 


for 


INDUSTRIAL ELECTRONICS 


Familiar with one or more of the following: 


MACHINE SALES 
PROCESS ENGINEERING 
INDUSTRIAL CONTROLS 

MEASURING INSTRUMENTS 
ELECTRICAL EQUIPMENT 


Possessing sales ability to develop markets for 
electronic products in one of these fields. 

Unusual opportunity exists for man with vision 
and capacity to participate in development pro- 
gram of industrial electronic products and their 
application—for an organization with highest 
standing in the precision electronic industry. 

Our employees have been advised of this ad- 
vertisement. 

Write giving complete details of your education, 
business experience and your photograph. 


Box No. 82, INSTRUMENTS PUBLISHING CO. 


1117 Wolfendale Street, Pittsburgh, Pa. 











Need Direct Current ? 


octouyne 











. This New Electrical Rectifier de 
livers up to 4,000 Watts of smooth 
ke. ee 


@ AIRCRAFT TESTING 

@ ENGINE STARTING 

@ OPERATING D.C. MOTORS 
@ RELAYS AND CONTROLS 
@ ELECTROLYTIC PROCESSES 
@ ARC LAMPS 

@ BATTERY CHARGING 


6, 12, 24, 36, 48 volt models. Portable 
or Stationary. 100% intermittent cur- 
rent overload capacity. No tubes 
used. No moving parts, except a 
ventilating fan. Silent, rugged, effi- 
cient. GOOD DELIVERIES. Write or 
wire today for full information. Ad- 
dress Department W-743. 


McCOLPIN-CHRISTIE CORP., Ltd. 


4920 South Figueroa St. Los Angeles, 37, California 
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meniscus drops away fro; 


» tye © Conta 

B, energizing relay Aj, throu 

contact 3 of relay Ao start the mall 

Mz. This drives contact } lownwa 

until it again contacts th: silver 7 

trate and stops the motor, 4 ai 

Combal fi CRS DAS sponding proportional movement of th 
VA I pen follows each downwa) moveme 


of point B through the eo ecting 
ble and cam. : 





As the titration progresses, the poi 
er deflection of the millivoltmetey a 
proaches the set end-point of -250 m 
When the end-point is reached, the eg 
trol relay contact closes and energigg 
relay Az which is locked-in by conta 
1. Contact 4 of relay Ao reverses ¢ 
direction of the motor which driv 
contact B upward continuously and 
full speed until the limit switch p 
opened, setting the zero position g 
the chart and burette. 

Contact 4 switches the vacuum-ty 
relay circuit from the drop solenoj 
Lez, to the fill solenoid L;. The acti 
of this circuit closes the fill valve ead 
time the meniscus in the burette eo 
tacts point B during its upward trave 
rs, am The filling rate from the reservoir 
greater than the upward speed of th 
point B, which results in the fil] valy 
Deliveries under government requirements are facilitated opening and closing at a rate just suff 
by Weta -Comitlemuc olag-(aatel-Miea-t-teltz-Lelerel muelielestettel-miae cient to maintain the meniscus touchin 
Piaga-teh gated s-t ae Bale) (aaameltignitta point B. 

TRIPLETT ELECTRICAL INSTRUMENT CO. + BLUFFTON, OHIO The circuit retains this mode of o 
eration until the START button is act 
ated. The sTART button shorts the “up 
limit switch which moves the contag 
B a few thousandths of an inch higher 
this opens limit switch Do and release 
the lock-in connection of relay Ao. 

energizing relay Ag allows contacts 
2, 3 and 4 to drop into the titrating pf 


ALL Fi — LD sition and the titration proceeds as pr 


viously described. It should be nota 


: 2 ss SURV EYS : 2 that until the START button is actuate 
@ | e the system remains on the refill cye 


open 
Vvoitmete 














and that the burette will keep itsé 


. = filled regardless of any leakage occu! 


© ee Cs ic 8 z Koy ring through the drop valve. 
, — < 4 ye The successful operation of the me 


captan analyzer is dependent upon th 


automatic burettes particularly t 
P iH @] T ©) Cc E Qa L S p aon the Z - magnetic valves, and too much empha 
. aulin surveying il sis cannot be placed upon the necessit 
reac Type} Aneroid ; ' of keeping the entire burette scrupl 


of highest sensitivity Preliminary surveys ¥ , a7) lously clean, for the smallest partic 
for highway con- % of foreign material on the seat of t! 
struction, drainage > fill valve will cause appreciable leakag 
@ Unmounted or mounted in vari- pel oo . . leading to pane eye results. The 
ous styles of casings lines, mine ventila- Se a reg —") 
@ Full cooperation regarding ap- tion surveys, all divisions of civil engi- er ol ae; -_ 
plication and circuits neering are speeded up by the NEW To avoid the possibility of introdu 
Paulin Precision Surveying Aneroid. Read- ing solid particles with the silver ! 
ings to two feet over a range of 4500 feet trate solution, it is advisable to fill th 


PHOTOVOLT CORP. are as easy as reading a watch. Other reservoir through a filter funnel. 


“OV o 18,000 feet. Write q 
95 Madison Ave. New York City ‘seigeend te aan and FREE COPY The electrodes should be cleaned on 


, ; of the Paulin Altimetry Manual also full weekly. The silver should b i 
Write for literature also on information on Paulin Precision Barom- sanded with fine sandpaper and the 
Colorimeters Senahe Mhators eters. wiped with a clean cloth. The gl 
Reflection Meters Haze Meters electrode should be washed with watt 
Braver Meters AMERICAN PAULIN SYSTEM or solvent and then carefully dri 

Suan tieidinn tahoe 1847 SOUTH FLOWER STREET with a clean cloth. After the electrode 
Continuous-Flow Colorimeters LOS ANGELES, CALIFORNIA are cleaned, at least one run will! 


es = euired before their surface cont 








®@ Great variety of sizes and shapes 
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ff /o matter how perfect otherwise, the human organism isn’t much good without a 
dependable heart. The same is true of your automatic temperature and pH con- 


| Ty. The actio 


| a of a 







le fil] Valve ead The f most such instruments for the past quarter century has been the Eplab 
the bu rette ey Standard Ce It is a “yardstick” for translation of voltage to temperature or pH. The line of breakers having differ- 
S upward se st American commercial cell of its type, constantly improved by research, it is “‘as A P 
! pward trave terling”. ent ampere ratings will find 
ne reservoir ; 
be t he Get ACCURATE temperature or pH control with potentiometers and make sure the stand- the Chace ‘6000 Series” of 
"G2 Speed of thi ard cells are EPLAB. i i 
I f thi ard cell 3 thermostatic bimetals pre- 





in the fill valy SCIENTIFIC INSTRUMENTS 


a rate just suf The Eppley Laboratory, Inc. NEWPORT, RHODE ISLAND, U. S. A. 


eniscus toucigf§ FPL AB Standard CELLS 


FOR POTENTIOMETRIC INSTRUMENTS 


cisely fitted to their needs. 







These materials have specific 
resistances in small progres- 
sive degrees, between the 
present available low and 
high resistivity extremes. The 
thermal deflection and 
strength properties are both 
high and practically the same 
for each bimetal of the entire 
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group. 





Advantages to the manufac- 
turer are: First, uniform de- 
flection, which simplifies 
calibrating procedure; Sec- 
ond, uniform cross section 
and length, which reduces 
die costs and maintains de- 
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iallest partic 
he seat of th 
eciable leakag 
sults. The uw 
simplifies d 









sign uniformity. 


more types, in more shapes, me 5 
Mace makes a comp ete 


range of thermostatic bi- 
metals for every possible 
application—sold in sheets, 
strips, fabricated forms, and 
assemblies with terminals 
attached. 







for more applications than any 







other manufacturer in the world. 
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Data sheets and engineer- 







ing assistance furnished on 





request. 


—wm @H ACE co 
— Manufacturers f 
Thermostatic Bimetals and Special Alloys 


I6O9BEARD AVE + DETROIT 9, MICH. 
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BARBER-COLMAN POWER UNIT 


ON CONTINENTAL 
BUTTERFLY GATE VALVE 


These POWER UNITS are ideally suited for industrial 
applications. They feature built-in limit switches and 
a high torque motor with gear reduction, oil submerged, 
for long life and dependable operation. Control action 
may be governed by a recording or indicating con- 
troller or other contact making control instruments. 
POWER UNITS are available for ‘‘on-off"’, 

floating, and proportioning modes of con- 

trol, including proportioning with manual or 

automatic resetting. 


White for Bulletin G-1912 “POWER UNITS” 


BARBER-COLMAN COMPANY iockrono, nuors 





| Interval Timers 


[ Process Timers 
| Signal Timers 


—_ A SINGLE SLIDE SERVES 




















FIFTY STUDENTS 


e = 
Imé witc es Today, thousands of specialists must be trained 
in all branches of science . . . and they must be 
trained thoroughly and quickly. 
= This calls for systematic, uniform training . 
—_ —_ for the most efficient and effective use of avail- 
able materials. It’s a place where micro-projec- 
tors in the hands of competent instructors can 


save hours of instruction time . . . make slides 
ad KY and microscopes go much farther. 

The B&L Triple Purpose Micro-Projector is 
an example of the type of teaching tool that 
is finding such an important place in both 
civilian and military war training courses. It 
Write is another example of the way in which the 

Bausch & Lomb skill and experience in the 
manufacture of precision optical instruments 
for peacetime use are being applied in the 
war effort. 


Here again, because of its wartime accom- 
plishments, Bausch & Lomb will be able to 
extend its optical services to peacetime pursuits 


when Victory is won. 


== ELECTRIC For. Bausch & Lomb Instruments essential to 


MANUFACTURING CO. Victory—priorities govern delivery schedules. 
Remmemae MINNESOTA BAUSCH & LOMB 

















OPTICAL CO. n ROCHESTER, N. Y. 
Established 1853 
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are stabilized and reliabk esults gj 
tained. When the instrument jg net 
operation, the electrodes may he in 
mersed in the last samp); 
isopropyl! alcohol. 

The calibration of the char 
on the use of gasoline of 
gravity and an operating { 
of 25°C. For non-standard 
the chart reading should bh: 
by the following expressior 

0.75  S’at T°C. N 


In or } 


is ba 4 
» Specif 
iperaty 
conditig 
multiplieg 


S © S’at 26°C. 01 
where S = specific gravity of the ga 
oline sample 
= specific gravity of AgNOy 
solution 
normality of AgNOs go} 
tion 

= actual operating tempera 
ture 


Other Applications. Among other ap 
plications suggested for this automatig 
titration apparatus are the rapid titra 
tion of spent lubricating oils to deter 
mine their saponification numbers anf 
for acidity in petroleum and relate 
products that are soluble or partly 
soluble in benzene - isopropyl alcohol 
mixtures. 

A number of these instruments have 
been in satisfactory operation at vari- 
ous refineries during the past two years, 





New American Standards fo 
Transformers, Regulators and 


Reactors Aid War Effort 


NEW YORK, June 7, 1943.—The com- 
pletion of approved American Stand- 
ards covering transformers, voltage 
regulators, and reactors has been ar- 
nounced by the American Standards 
Association. 

Of importance to the war effort in 
helping to conserve critical materials, 
expedite production and lower costs 
through production economies, these 
new standards also prevent misinter- 
pretations between buyer and seller. 
They give the buyer a yardstick for 
measuring the merit of the apparatus 
he purchases and help him to eliminate 
special requirements. By specifying 
that apparatus shall be in accor 
with American Standards, the pur 
chaser is saved much effort in the prep- 
aration of detailed specifications and is 
assured of obtaining equipment best 
suited for the specific installation. 

These standards, which have the ac 

vantage of criticisms and suggestions 
made for 18 months on a preliminary 
edition, supersede numerous other pub- 
lications and constitute a veritable bible 
of information for manufacture rs and 
users. The industry now has in a single 
book the most complete electrica! stead 
ards yet published on transformers, 
regulators, reactors, and related induc- 
tion apparatus together with other use 
ful information on testing and opera 
tion. 

Completion of the new standards rep- 
resents the culmination of ten years 0 
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ration at vari- 
past two years, 


v AS TO WEIGHT, your shipment may be a 

ae - pound or a ton and up, so long as it 
ON, fits in a plane. AS TO SIZE, you will be safe 

andards fo ' aT in following dimensions shown under- 

ulators and - oa | neath the illustration. 

‘ar Effort | However, large shipments can often 


43.—The com- be broken into a number of smaller 
lerican Stand- units. When this is impossible, consult 





mers, voltage 7” your local Railway Express Agency, 
has been an- , who can often make special arrange- 


a St : : 
n Standards ments for handling larger shipments. 


war effort in = = FOR FASTESTDELIVERY,shipearly,assoon Maximum dimensions for AiR EXPRESS pack- 
cal materials, ae . el as package is ready. PACK COMPACTLY @9¢5: Length, 35 to 49% inches; width, 44 
1 lower costs — 5 : inches ; depth, 181% inches. Break larger ship- 


but secure ly , to cut AIR EXPRESS costs ments into smaller units whenever possible. 


Air Express Speeds War Program 


TODAY, AIR EXPRESS not only serves the home front but is also 


nomies, these 
rent misinter- 
r and seller. 
yardstick for 
che apparatus 


n limi : , : : 
vgn = working hand in hand with the Army and Navy to supply our 
in accordance When you want fighting fronts throughout the world. 

ds, the pur bl accurate and depend- TOMORROW, Aik ExPREssS will girdle the globe in international 
. >» Nrep- abie e . *h. 

© in the pe ee ee peacetime commerce . . . to bring all foreign markets to the door- 
cations and is or humidity control forIndustri- 


, t best : : > ‘rican business. 
uipment best al Processes, Heating or Air Cond- step of Ame n | . 


— ion, itioning Systems, call in a Powers 
ave = nd engineer. With over 50 years of ex- 
reves yns . i 

suggestion perience anda very complete line of 


| preliminary ‘ . 
z. oo mors self-operating and air operated 








eritable bible controls we are well equipped to 
acturers and fill your requirements, 
as in a single <—, Write for Circular 2520 


trical stand- 2734 Greenview Ave., Chicago 
ransformers, Offices in 47 Cities—See 
elated induc- your phone directory. 


shay non , Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 
’ C pera- ; 
| Representing the AIRLINES of the United States 


andards =, POWERS Maar U val R * 0. WRITE for our quick-reference handbook on “How to Ship by AIR EXPRESS 


rears Ol . r : > ‘ . . “«s i ae at 
ven years During Wartime.” Dept. PR-2, Railway Express Agency, 230 Park Avenue, N.Y.“%. 
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This CLARE Relay 
Can Take the Place 


Palle ah Zein, la 


RESISTANCE 
* : 


@This rugged multiple-contact relay 
permits innumerable contact arrange- 
ments. Permits designing to small 
size, with a lesser number of relays; 
and facilitates maintenance. Adapted 
for use in electronic control devices 
and for sequence control and inter- 
locking operations. Ideal where un- 
usual arrangements of relay control 
are desired. Here are the reasons why: 


1. Contact springs 
employing any of the 
forms illustrated can be 
furnished. 


2. Spring pile-up in- 
sulators of heat treated 
Bakelite which permit 
punching without 
cracks, have minimum 
cold flow and low 
moisture absorption 
content. Assembly 
locked together under 
hydraulic pressure. 
Withscands heavy 
breakdown tests. 


3. Twelve different 
standard or specia 
types and sizes of con- 
tacts can be furnished. 
Contacts are overall- 
welded to nickel silver 
springs. Sizes range 
from .062” silver, rated 
one ampere, 50 watts, 
to .1875” tungsten, 
rated four amperes, 509 
watts. 


4. Spring bushing in- 
sulators are Bakelite 
rod made by a patent 

ocess. Strong, hard, 
ong wearing. Essential 
where heavy contact 
pressures are employed, 
where vibration exists, 
or heavy duty service 


is desired. 
5. Armature assembly | 


single or double arm. 
Has stainless steel shaft, 
operating in a marine 
brass yoke. Heel piece, 
coil core and armature 
are magneticmetal care- 
fully annealed. De- 
signed for d.c. service. 
6. As illustrated, relay 
has octal base plug 
mounting for easy serv- 
ice and replacement. Other mountings, and 
Bakelite or metal cover, can be supplied 
. * o 
This relay is an example of Clare “custom-built” 
design and construction. Clare engineers can 
“custom build" a relay to meet your specific re- 
quirements—one that will reduce your ov erall 
relay cost and simplify your design problem. Write 
for catalog and data book. C. P. Clare and Co., 
4719 West Sunnyside Avenue, Chicago. 


CLARE RELAYS 


"CUSTOM-BUILT" Multiple Contact Relays 
for Electrical, Electronic and industrial Use 








AMTHOR 


TENSILE STRENGTH 


TESTERS 


for 


PAPER 
CORDAGE 
RUBBER 
LEATHER 
WIRE 
FLAT MATERIALS 





PAPER FOLDING ENDURANCE TESTER 
BURSTING TESTER 
MICROMETERS (POCKET and DESK) 
PAPER BASIS WEIGHT SCALES 
CORDAGE SCALES 
ALUMINUM FOIL SCALES 
COMPUTING SCALES 
RUBBER ABRASION TESTER 


DEAD WEIGHT 
PRESSURE GAUGE TESTER 


TACHOMETERS 
INDICATING and RECORDING 


MERCURY COLUMN GAUGES 


AMTHOR 


TESTING INSTRUMENT CO. INC. 
48 Van Sinderen Ave., Brooklyn, N. Y. 











For Extremely Close 
Temperature Control 


Visual-Stats 


@ Sensitivity of a hundredth of a degree 
is easily attainable. @ Top of mercury 
column visible at control point (where 
most important) because electrodes ter- 
minate at back of tube. No encircling 
metal bands! @ Available in angle form 
(illustrated) or conventional straight form. 
@ Send for brief, attractive bulletin. 


The Philadelphia Thermometer Co. 
915 Filbert Street i Philadelphia 


Oldest Thermometer Manufacturer 


in Philadelphia 
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cooperation and concentrat 
th. part of the industry, 
benefit from and use of half 
research carried on by the 
Institute of Electrical Eno 
Edison Electric Institute and 
tional Electrical Manufactu;, 
ciation. 


entury’s 


For the first time in any 

standards, comprehensive 

loading under various service conditions 
are given. Thus the standard . 
becomes of less significance as a guide 
to the output but retains its injp wrtanes 
to the purchaser as a measure of the 
amount of material in the transforme, 
The guides for loading transformer. 
recognize that the loads permissible for 
a transformer vary over a wide range 
depending on the operating conditions 
such as ambient temperature, coolins 
facilities, ete. Under low ambient cop. 
ditions, safe continuous loads can be 
greater than the rating. Under all cop. 
ditions short-time overloads can be car. 
ried, the amount depending on the time 
and previous loading. 


rating 
iy 


The 90-page volume, well-indexed for 
speedy reference and profusely illu 
trated with drawings, charts and ta 
bles, is made up of three parts. The 
first part includes definitions, standards 
and important information relating to 
the rating, temperature rise, insulation 
classes and other performance specii- 
cations for induction apparatus, incluc- 
ing distribution, power, and regulating 
transformers, reactors, instrument 
transformers, constant-current trans- 
formers, step and induction voltage 
regulators, current - limiting reactors, 
and general purpose specialty trans- 
formers. The second part consists of 
the new Test Code for Transformers; 
and the third part provides Guides fo: 
Operation of Transformers and Regv- 
lators. The two latter are designated as 
American Recommended Practices, the 
former for making acceptance tests to 
demonstrate that the requirements of 
the standards have been fulfilled, and 
the latter for giving permissible con- 
tinuous and short-time loading for 
transformers and regulators. 


The ASA Sectional Committee on 
Transformers, which prepared the 
standards, includes representatives 
from various American standardizing 
bodies including the American Institute 
of Electrica] Engineers, Electric Light 
and Power Group, National Electrical 
Manufacturers Association, Association 
of American Railroads, U. S. Depart- 
ment of Commerce and Nationa! Bu- 
reau of Standards. This committee, 
headed by V. M. Montsinger, Chairman, 
and E. B. Paxton, Secretary, will con- 
tinue to take advantage of suggestions 
from the use of these standards and 
for changes and additions resulting 
plain to publish an addendum report 
ence a year, to keep the standards u 
to date and continue their importance 
as a real reference work. 

The American Standards for Trans- 
formers, Regulators and Reactors (In- 
cluding Test Code and Guides for Up- 
eration) (C57.1, C57.2, C57.3 - 194: 
complete in one volume, may b 
tained from the American Stan 
Association, 29 West 39th Street, Nev 
York, at $1.25 per copy. 
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Here at Bradley Laboratories, we 
have had continuous proof of the 
exceptional performance of our 
Luxtron* cells. In demanding mili- 
tary service applications, Luxtron* 
cells have made records for /asting. 
When photocells are the logical 
choice, Luxtron* cells are the first 
choice. 


nA 


LABORATORIES, INC. 
$2 MEADOW STREET, NEW HAVEN, CONN. 
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STROMBERG 


for EVERY INDUSTRIAL NEED 


ibe 


s ) 
STROMBERG 


No. 55 Process Timer 


interval cannot be altered. Dial ranges are available to fit 


any application. 


The No. 55 Process Timer runs for the time interval set, 
makes and holds a contact until it is reset and restarted. 

The No. 57 Automatic Repeating Timer makes a contact 
at the end of the interval set, automatically returns to zero 
and begins a new cycle—repeating 
this program until stopped or 


changed. 


Use Stromberg Timers to ring 
signal bells, light signal lamps, 
start and stop electric motors, re- 





ic TIMERS 





Stop waste ... Substitute mechan- 
ical precision for guesswork .. . 
Save precious material and man 
hours ... Improve quality and in- 
crease production with reliable, 
automatic Stromberg Timing In- 
struments. 

Ruggedly constructed for heavy 
service. Sealed to exclude dust and 
moisture. Not affected by temper- 
ature changes. Easily set for 
any time interval within the dial 
range. Makes or breaks an electri- 
eal contact at the end of each 
cycle. A glance tells the interval 
set, the time elapsed and time yet 
to run. During operation, the time 


x amano ED) borne “woros 
| imo {s ba ; 


gs 
STROMBERG 





verse drafts, open and _ close 
valves. Thousands are in use to- 
day in steel plants, tool industries, 
rubber processing plants and in 
baking, preserving, tanning, en- 
ameling, plating and heat treating 
processes. 

Write us for complete informa- 
tion. Our engineers will be glad to 
study your problem and make 
recommendations without obliga- 
tion to you. 





No. 57 Automatic 
Repeating Timer 





STROMBERG tine conrorario 


Meine ae > 3 ee ee eS Se 


NEW YORK. N. Y 
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METERS and CONTROL 


Boiler Meters 
Reduce fuel 
costs, lessen 
maintenance 
and outage, low- 
er standby costs, 
and add capac- 
ity. They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 
plied for com- 
bustion and record Flue Gas Temperature. 


Bailey Boiler Meter 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 


Multi-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read at a 
distance of 50 feet. 


Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test efficien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 


Complete Information on any of the above Bailey 
products will be gladly furnished upon request. 
G14 


BAILEY METER 
« COMPANY °* 


104] Ivanhoe Rd., Cleveland,Ohio 


BAILEY METER COMPANY LTD., MONTREAL 
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Coal Meter 


|The Month’s NE} 


4 


INSTRUMENTS 


In this department we strive to report each month ALL the new devices for meas. 
urement, inspection, testing, metering and automatic control—in the form of concise 
technical descriptions. When writing to manufacturers directly, please mention this 
department. Or write to Information Section, Instruments Publishing Company 





Industrial Thermometers 
Motivated by a desire to save critical 
war time, makers have designed, 
introducing 


metals in 
tested in the fleld, and are now 
industrial thermometer. One- 
piece shallower than 
conventional design, which 
makes it possible to see mer- 
cury column through a wider 
angle of vision. Chromium- 
plated bezel fits snugly into 
grooved case in such a way as 
to hold thick glass front se- 
curely against four wavy ten- 
sion springs. These springs are 
fastened securely under scale 
by shakeproof screws. This 
construction is said to result 
in a dustproof, rattleproof and 
practically fumeproof' ther- 
mometer; it can withstand vi- 
bration and severe shocks. It 
is said that these improve- 
ments are combined with dur- 
ability, permanent accuracy 
and responsiveness to change 
in temperature. A saving of 
tons of critical bronze is ef- 
fected by new construction. 
Makers announce further that 
the new instruments will be 
equipped with easy-reading 
“Binoc” tubing (see IJnstru- 
ments, Sept. 1935, page 247: 
Sept. 1940, page 243). They 
will be furnished in many combinations of 
straight and angle with threaded or 
union connections, many standard 
temperature ranges, within the limits of 
-40°F. to +750°F. Standard scale lengths 
are 7” and 9”. Scales are individually cali- 
brated for each tube.—Taylor Instrument 
Companies, Rochester, N. Y. 


a one-piece 


case is 








stems, 
and in 


Base Assembly Regulator 
New Base Assembly Voltage Regulato1 
that can be used wherever called for under 
Army Air Specification 40D8445-2, 
is said to be used for aircraft, tanks, o1 


Forces 


auxiliary power units in conjunction with 
a voltage regulator. Exceptionally prompt 
delivery is assured by the manufacturer. If 
the stop nuts illustrated are not available, 
AN nuts and lock washers with A.A.F. ap- 
proval will be supplied.—Avia Products Co., 
7266 Beverly Blivd., Los Angeles 36, Cali- 
fornia. 





Oxygen Flow Indicator 
New oxygen “Flow Indicating Mete, 
a special model of the one described (wiy 
diagram and parts list) in struments 
Jan. 1935, page 23. Scales ars 
read in liters of oxygen per 
minute. New flow indicator 
provides instantaneous 
readings, requires neither 
calculations not application 
of correction factors. In- 
struments are constructed 
entirely from metal. As did 
previous models, they uti- 
lize the variable-area prin- 
ciple of flow measurement: 
a floating piston is lifted 
by the incoming gas until 
its weight balances the 
pressure through the 
orifice area. At point of bal- 
ance, flow rate may be read 
directly from pointer at- 
tached to piston. It is 
claimed that accuracy is 
“comparable to that of any 
accepted test meter.” Indi- 
cator being of rugged con- 
struction, is not easily 
damaged. It is of sim- 
ple design, easy to 
clean and maintain in 
accurate condition. 
Four sizes are avail- 
able, with maximum flow capacities of 2 
10 and 150 liters per minute, respective! 
Pittsburgh Equitable Meter Co., 400 N. Ler- 
ington Ave., Pittsburgh, Pa. 


loss 


Liquid Flow Indicator 
New Flow Indicator is a refined 
of the one described (with diagrar 
parts list) in Instruments, Feb. 1941, pag 
31. Its three moving parts—plunger, lever- 
shaft and pointer—are of Monel 
did previous models, it utilizes variabl 


EW 
mas 


evices for meas. 
form of 


CONCise 
S€ Mention this 
hing Company 
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1e des ibed (w , 


) in Instruments 
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apacities « 
e, respectively — 
Co., 400 
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refined vers 
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AS RECENTLY ANNOUNCED, we 
are now building ““Megger’’ instruments 
in this country, and are in production on 
the popular “Meg” and “Super-Meg”’ 
types. The acceptance accorded these 
new all-U. S.-made instruments has 
added to our already large backlog of 
orders, which we are now filling as 
rapidly as possible. Your orders for 
“Megger”’ instruments will be accepted 
according to priority ratings and with 
our assurance that delivery will follow 
as quickly as our further-expanding 
facilities will permit. 


BIDDLE BULLETINS 


@ Use of Hand-driven “Megger’’ Testers, 
Bulletin 1655-I. 


@ Howto Test Insulation and Avoid Trouble 
in Electrical Equipment, Bulletin 1640-I. 


@ Various types of “Megger” Insulation 
Testers, Catalog 1685-1. 


@ Bulletin 1735-I on the New U. S.-made 
“Megger” Insulation Tester in plastic 
molded case. 


Now, more than ever, it is vital to hold electrical 
failures to a minimum. Periodic testing of the insu- 
lation of motors, generators, cables, signal-con- 
trol and other electrical apparatus can save price- 
less time and protect irreplaceable equipment. 
Testing with a “Megger” instrument is only a 
matter of minutes, but it can reveal potential dam- 
age and save days of costly delay. 

“Megger” insulation testers are completely self- 
contained—wholly independent of batteries. Sim- 
ply connect to the equipment under test, turn the 
hand cranked generator and read insulation 
resistance directly by the pointer over the scale. 
Over 40 years of service in industry has proved the 
value of “Megger” Practice. 

Write for any or all of the bulletins listed and a 
free copy of the Pocket Manual of “Megger” 
Practice, No. 1420-I. 


JAMES G. BIDDLE CO. . 1211-13 arcu STREET - PHILADELPHIA 7, PENNA. 
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Until the Light Shines Again 


WE MUST KEEP ON MAKING THERMOMETERS FOR 
UNCLE SAM AND FOR VICTORY 


These thermometers must be made to the same high stand- 
ards for which Palmer Thermometers are famous because 
only GOOD thermometers will help to win the war more 


speedily. 


In the meanwhile, REMEMBER Palmer Quality means: 


|—Easy-reading "Red-Reading-Mercury" 
2—Guaranteed permanent accuracy 
3—Constructed for long life. 


(Catalog sent on request) 


THE PALMER COMPANY, Mfrs. 


INDUSTRIAL, LABORATORY, DIAL & RECORDING THERMOMETERS 


2511 Norwood Ave., Cincinnati, Norwood, O.—Canadian Plant: King & George Sts., Toronto 


Have You Watches Which Need Repairing? 


We Specialize in Repairing 
Factory Time-Study Watches. 


Our fully 
equipped, 
modern 
watch repair 
department, 
which em- 


ploys only expert mechanics, will 
accept the repairing of all types and 
makes of Factory Time-Study Pro- 
duction, Decimal, Split-Second and 
Complicated Timers, Stop-Watches, 
Chronographs and Repeaters. 


All Timers are checked with West- 
ern Union Naval Observatory Time, 
and adjusted with scientific precision 
on our Western Electric Watch- 
master Recorder (see illustration). 
An automatic chart record of accu- 
racy is included with each Timer. 


Repairs are fully guaranteed by us 
for one year against defective work- 
manship and material. 


Send your Timers to Dept. I.M. for 
an estimate. No obligation on your 
part. Insure shipment to guarantee 
safe arrival. 


JARDUR IMPORT CO. 874 Broadway, New York, N.Y 


Jardédur Bereimeter Aviation Chronograph: end Aviation Wrist-Watches 


dur Precision Avietion Accessories 


Page 450—J nstruments—Vol. 16 





BURLING 


TEMPERATURE 
LIMIT SWITCHES 


Latest type double switch for tempera- 
tures up to 1200° F. Adjustable range 
300-600 degrees. Easy-to-set dial pointer 
outside case. Makes possible: 

1. Control of heating or cooling or both. 
2. Control of temperature and giving 
either a high or low limit device. 

3. Either two or three step control. 
4. Floating control with reversing con- 
trol motors. 
5. Two or three speed control of auxil- 
iary motors. 
Size 3144” dia. x 45%” high 


INSTRUMENTS ALSO BUILT TO SPECIFICATIONS 


Send for Informative Bulletin 


BURLING INSTRUMENT CO. 
251C Springfield Ave. 
Newark. N. J. 


principle of flow measurement 
average power actuating p 
times that in most flow indi S andj 
cates from zero flow to full pacity ‘ 
unifomly-graduated scale. It j Vailable 
seven sizes from %” to 4” pj 
from 10 g.p.m. to 600 g.p.m, 

capacity. Originally develop: for indj 
ing flow of hot dirty blowdowr from sta 
boilers, it is suitable for iy cating e 
of free-flowing liquids suct boiler P 
water, gasoline, light oils, - Hensg 
Co., Watertown, Wis. " 
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Connecti 
ximum § 


Automatic Size Classifier 
New “BC-50” classifying Chine gq 
disk-shaped parts by means of rdjusta 
divergent rollers and fixed ts, deli 
parts into fourteen removable pans A +3 


ment features permit automati 
tion in size steps as small as 0.00 
trical vibrator also is adjustabl 
dimensions, 8 ft. long, 2 ft. wide, 
high.—Barry Co., 9 South Clintoy 
cago, Ill. 


Motor-positioning Relay 

New ‘“Micropositioner” has been desig 
primarily for aircraft service. It 
ized d-c. voltage-sensitive relay, f 
positioning of control motors and contro 
air valves, engine cowling flay tri: 
and similar aircraft installatior Contad 
tongue of Micropositioner is p< 


[ea 


REESE SES ek 


means of a balanced armature. Ef 
vibration is said to be reduced t 
mum. Entire operating mechanisn 

ed on a Bakelite base and en 
transparent Lucite case: contact 
without removal of cover. Sensitivity 
volt, 0.002 amp.; weight 6 oz 
rating 0.5 amp. at 28 volts, non-induct 
load.—Barber-Colman Co., Rockf« l 


Half-wave Rectifier 

New “N Type” rectifier of the | 
type with characteristics said to | 
rendered permanently stable is adde 
Emby instrument and relay seleni 


+ 


fiers line. It is said that a specia 
process has given this rectifier an 
life. Working temperature rang 
from —70°C. to +75°C. and a nega 
perature coefficient is exhibited. A 
ated equipment, such as instrument 





leasure, 


, ent 
ting p nter en 
W indicators and j 
to full pacity 
ale. It j .Vailabl 
lo 4” pipe conne 
&.D.m, ie 


‘Ximum 
evelope; for inal 
lowdowr from ste 
for indicating ¢ 

on boiler 
Oils, etc. — Hoy 

- Hengy 


ze Classifier 


itomati lassif 
ll as 0.001” PF 
1djustable. 

: ft. wide, 

h Clinton 8 


ing Relay 
has been designs 
fice. It is a 
relay, for rer t 
rs and control 
> flaps, tri; 


a SS a / With Varo precision Plug Gages 


is positioned 


If you are manufacturing or are assembling 
units in which there are pipe connections threaded 
to the Army-Navy Specification, AN-GGG-P-363, 
you will need accurate pipe plug gages. 

These VARD Pipe Plug Gages will quickly 
check the Major and Minor Diameter of internal 

















=a Raped Ly » a>. threads, the thread form and truncation as well 
‘ae ( Leu 7 as lead and minimum length of threading. 
aelibvity tet 2 : WY - VARD Pipe Plug Gages are made to American 
coe Se q be re | & Gage Design standards and the Army-Navy Spe- 
= Ee Ff cification. They may be obtained in a full range 
fer of sizes 1/16th-inch to 6-inches diameter. All 
a . ae VARD Pipe Gages are made of selected tool steel, 
‘tapes oh = hardened, ground and finished to the specified 
| 07, GF tolerances. 

~ VarRD INC 
pepe e 
23 Sues 
a. All assoc: PASADENA, CALIFORNIA, U.S.A. 
nent elays 


Special Taps © Snap Gages © Lathe Compounds @ Dividing Machines @ Aircraft Hydraulics @ Aircraft Geared Parts @ Course Plotters @ Precision Ground Optical Leases & Filters 











PRECISION MOTORS 


for important 
instrument applications 


The Bodine Type K Motor, only 

"x24" x1%", is probably the 
smallest distributed wound motor 
now manufactured, It possesses 
considerably more power than 
motors of clock-type construction, 
employs no permanent magnets, 
and does not decline in perform- 
ance with age. Synchronous and 

non-synchronous types. 


TYPICAL APPLICATION 
C. J. Tagliabue "'Celectray" pre- 
cision pyrometer uses two. 





RUBICON PORTABLE 
PRECISION POTENTIOMETER 


Available in a number of double-range 
combinations, such as 1 volt and .1 volt, 
100 MV and 10 MV, also in pH ranges. 
Guaranteed accuracy .1%. An outstand- 
ing value. 

Described in Bulletin 270 which also 
describes Rubicon High Precision Type B 
Laboratory Potentiometer. 

We also make galvanometers, colorim- 
eters, permeameters, Wheatstone and 
Kelvin Bridges, resistance standards, coil 
testers, acronographs. 


Descriptive bulletins available on request. 


RUBICON COMPANY 


Electrical Instrument Makers 


Ridge Ave. at 35th St., Philadelphia, Pa. 
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Whenever motor-driven instru- 
ments require accuracy and preci- 
sion in operation—as in many 
types of scientific and industrial 
apparatus—you'll find Bodine frac- 
tional horsepower motors. These 
motors are carefully manufactured 
of quality materials to meet uni- 
formly high standards of accuracy. 
They are made in a wide range of 
sizes, with and without speed re- 
ducers, in all types of windings. 

Many manufacturers have stand- 
ardized on Bodine motors because 
they know they can depend on 
Bodine quality. Bodine has been 
supplying industry with precision 
electric motors for over 35 years 
Bodine Electric Company, 2244 W. 
Ohio St., Chicago, 12, Ill. 


NAMEPLATES, DIALS, 
GAUGES, MARKINGS, 
LETTERING, TRADE 
Makes. E16.,°08 
ANY SURFACE 


Facilities for complete pro- 
duction—any quantity, 1 to 
1,000,000. 
MULTI-MARK Screens made up 
for any design; reproductions 
may be made directly on arti- 
cle without machines; com- 
plete directions furnished. 
We're helping companies engaged in 
all types of war production ... if you 
bave a marking problem of any nature, 
ask us for information... We've bad 
experience with all surfaces, all fin- 
ishes, all government requirements, 


MULTI-MARK DIVISION 


COLONIAL 


PROCESS SUPPLY CORP. 
136 West 23rd St.. NEW YORK 











etc. have positive temperat 
with resulting compensation y 
selenium rectifiers. The “N- 
two rectifying elements $,” j; 
sembled in a tubular plastic 
is rated 10 volts ac. The 2 
therefore, consist of four 
ments; and a rectifier rats 
will consist of a rectifier sta 
ments. D-c. rating for cont 
1 ma; for instantaneous loa 
pedance in the forward dire: 
order 1000 ohms. Impedance 
rection is of the order 1 mego) 
All units are hermetically seal, 
pound so that assembly is ir 
atmospheric changes and ji 
moisture. Two soldering tery 
Selenium Corporatio 
1800 W. Pico, Los Angeles, C; 


Coefficie 
n used y 

sists 
meter 

i” 

C ae, Wi 

fying 


val 
VOlls a 


Vibration Fatigue Testing 
. 5 
Machine 


New “Model 100” is added 
line of vibration fatigue testi, 
(see Instruments, March 1942 
will subject parts or assembli: 


Ibs. to vibration fatigue tests. Tabk 
area of 15” X 18” and has 115 ta l 
Table movement is horizontal. Frequs 
adjustable while machine is running 

10 to 60 cycles per second (600 to 3,6 
brations per minute) and is indicated 
electric tachometer. Displacement, 

to 0.125” (adjustable) is said to cover fy 
range encountered by parts subjected t 
vibration in actual service. Maximun 
eration capacity is 239. Base area 
42”; weight 550 Ibs. A 1% h. p. 1 

plies power. Eye-bolts in bas¢ 


dling with a shop hoist or crane. 


can Tool & Mfg. Co., 1006 W 
Ave., Chicagyv, Ill. 





Industrial Rectifiers 


New “Rectrodyne” rectifier is claimed 
have many advantages over generator set 
for general industrial use, can be {urnishe 
in stationary or portable models, in capa 





ities up to 4,000 watts; provides smoot 
power for aircraft testing, operating & 
motors, charging industrial and militan 
batteries, etc. D-c. voltages of 6, 12, 24, 
and 48 volts can be furnished. A dual 
age feature is available which per? 
bling current at half voltage by means o& 


ts at 





vol 
J0U- 











— COEfficig a switch. Output control is by 
ition vi n used wi toy itech in primary circuit oper- 
ie 4s ONnsists + : on front panel. The “Heavy- 
Jastic “ameter 4 o R ' is claimed to have inter- 
 . > at" an d capacities of as high as 
vce It a, wi wet ' orporates dry-disk type of 
gery fying Gein ent capable of withstanding 
‘yom Volts a ; emperatures. Size (16” x 16” 
— f eight allt yg unit suited for test floors and 
 i-em iS load MB a. t long-life operation is said 
ae ma, | a ass as only moving part is a 
dire, P i ' n driven by a fractional h.p. 
lance a é ng no starting mechanism.— 
* std Ipin-Christie Corp., Ltd., 4920 South 
. om sm sone oa Los Angeles, Calif. 

ind impervio,. Pr. tee Sts 

terminals aro ,. 

ration of Amer Push-pull Gages 

sea stig New “Push-pull Gauges” are for the 


t of tensions, pressures, mechan- 
_ breaking strains, “ana other 





rue Testing 
































nt forces from % gram to 100 pounds.” 
ne rN 
added to mak ic iiecomtenemdnmenael ) 
testing te aah lb ale pperneen: 
1943, page qe 
semblic 


1 be used for testing spring char- 
c es, measuring relay pull, checking 
) push-pull button switches, adjusting op- 
ration of spring-loaded mechanisms, deter- 
ning the breaking strength of fibres, and 
o on. It is said that inexperienced workers 
an duplicate or improve upon results ob- 
ained by skilled workers depending upon 
feel.” Being manufactured in standard 
dels, they are said to be sufficiently low 





*sts. Table | cost to permit use in quantity as shop 
115 tapped h est equipment or as standard equipment 
ital. Frequen or field test kits—John Chatillon & Sons, 
iS running, from; Cliff St., New York City. 

(600 to 3.60 

is indicated on aj 

acement, . . 

said to cover fugbimetal for Circuit Breakers, etc. 
rts subjected New “No. 6850” thermostatic bimetal 
Maximum ¢ ombines high electrical resistance with a 
Base area 2 igh thermal deflection rate. Resistivity is 
te Dp. tor su iven as 850 ohms per circular mil foot, or 
ase permit han 


68 ohms per square mil foot, at room tem- 
i. © i Ame erature. Deflection rate is practically uni- 
‘ucertog@iiform between O0°F. and 400°F.; slightly 
lower above and below those temperatures. 
)perating characteristics are said to remain 
° onstant at temperatures as low as —100°F. 
tifiers Yew bimetal is intended primarily for ther- 
er is claimed tq@m@mostatic resistors which operate as a result 
r generator se@m™ef the heating effect of the current. Appli- 
can be furnishe ations range from flashers to motor over- 
10dels, in capac Joad protection; including particularly the 
newer circuit breaker designs.—W. M. Chace 

Co., 1609 Beard Ave., Detroit, Mich. 





Tiniest “Micro Switch” 


New “Peanut Micro Switch,” now in full 
scale production, is tiniest of maker’s line 
of small precision switches. It is said to be 
more rugged, lighter and more resistant to 












les smooth d- 
operating d+ 
and military 
f 6, 12, 24, 3 
1. A dual volt: 
1 pern ol 
by means of 4 


Vibration than the larger models. It has a 
higher electrical rating. The ‘‘Peanut” is 
available both with and without an enclosing 
case. When used without case, actuating 
moven ent can be applied anywhere over a 
‘arse portion of the upper spring. With 








‘OIL 


means Accuracy | 
in high and low | 
temperature per- | 
formance pre- | 
testing. 

* 


New instruments can be tested 
rapidly under service condi- 
tions; scientifically “seasoned” 
for performance in sub-zero 
cold or blistering heat. 
AMCOIL Test Chambers make 
this possible. With the correct 
S AMCOIL unit, instrument 
MODEL RTC-1AA makers and instrument users 
Seemp. Range: alike are assured compliance 
“FOC to +70°C. = with atmospheric specifica- 


© Usable Interior: si 
: 250 cu. ft. tions. 





AMCOIL means accuracy when you must pre-test delicate 7 
aircraft instruments, electronic devices and other precision 
equipment. In the Model RTC-1AA temperatures are ther- 
mostatically controlled in a,range from —70° C. to +-70° C. 
(—95° F. to +160° F.). The usable interior of this cabinet 
is 25.7 cubic feet. Five seale@,and dehydrated panels of glass 
in the door give clear obsefvation of products under test. 
In addition to temperatuge test chambers with either 
mechanical or dry ice refrigeration, AMCOIL units are 
furnished for humidity testing and altitude testing. Ask an 
AMCOIL Engineer to help you by recommending the cor- 
rect equipment for war-time pf€-testing of your instruments. 





25-27 LEXINGTON STREET + NEWARK, N. J. 
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KOLLMORGEN 
4 Franklin Avenue 








Ideas Incorporated 


When the soldiers and sailors of World War II return to 
civilian life they will bring with them a new respect for 
the importance and value of precise instrumentation. The 
same will be true of the legions of women who presently 
are mastering the intricacies of industrial mechanics. 


After victory, these mechanically-minded millions will 
be eager prospects for a wide variety of scientific equip- 
ment. If you plan to cater to this postwar market and 
your device is optical in character, or involves precision 
in control or operation, perhaps our knowledge and ex- 
perience may be helpfully incorporated in your product. 
Your inquiries are invited now. 


OPTICAL CORP. 
Brooklyn, N. Y. 
































GARCEAU CHRONOGRAPH 


Inkless Recording with Inertialess 


Marking System 


Models available with speed ranges 
from 1 cm. per hour to 100 cm. per 
second and with up to 25 traces. Sup- 
plied with plain or printed charts. 


ELECTRO-MEDICAL — = 

SS} LABORATORY, INC. 

HOLLISTON, MASSACHUSETTS, USA. 
Makers of the Electroencepbalograpb 












HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 36 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 


tively inexpensive. 


Illustrated 
bulletins 
free. 


The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 
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Bakelite case a convenient ; 
is provided. Construction is « 
inherent overtravel beyond 


operation great enough for m« “yt 

features: (1) Contact gaps a 

which can be varied in man re. 

gap especially valuable on 4q- “ills 

Pure silver (99.95%) contacts na 

a knurled surface to provide } n : be 

tact pressure for low-voltag¢ stihy, 

and reduce danger of dirt in ts imal t of 

an enclosing case is not used nut yapeur? 

cro Switch” is suitable for us: . ae at n 

bination of extremely low operatiy 7 t in 

and super-fast action is not " toque aft 
-Micro Switch Corp., Freepo 25” 


Pneumatic Differential-pressure &. 
Telemetering System 





New Pneumatic Differential Prece 
Transmitter, for measuring flow and le , 
is expected to find numerous ap: t me 
chemical plants, oil refinerie¢ nd othel seh 
process industries where fire and ex; ' 
hazards are present because it obviates + 






need of running long lines containing p 
sonous or explosive products. It nverts 
differential pressure, such as p) 





flow of fluid through an orifice, or by liqui 
level in a vessel, into an air pressure whi 
varies proportionally with the rer 
pressure. Although announced now, it | 


had two years of field testing, results 
which enable makers to make the following 
statement: “‘Performances . . how that 


the accuracy of this force-balance 1 
measurement is higher than car 

by any other method, the Company g 
anteeing transmitting pressurs I 
ured differential within 0.5% f meter 
range.’ Operating Principle. Differer 
pressure is exerted on different 
phragm JL. Force produced is t: 


FLOW ORIFICE reaction diay ig 
I. Compressé r 
~ : 
° 
































by 

| Bdju 

a rm 

| 
Le _§ y 
2k nt 


























L “dad AS FAR AS 
LP 1000 FEET 
a. 





weighbeam EE. Back pres- 
sure on nozzle G is con- 
ducted to reaction dia- 
phragm J. Any motion of 
throttle tip F will there- 
fore produce variations in 
pressure in J directly pro- 
portional to changes in 
force produced by dia- 
phragm L. Forces times 
lever-arms are thus balanced as i! 
ing an ordinary beam scale and a t! nu 





method is utilized. Pressure in / is eas 
ure of differential-pressure across and 
may be transmitted by means of \ ibing 








instrument at any distance 
























EKSLER 





Production or Research 
Instruments 


Weksler Thermometers are scientific, precision instru- 
ments. Their rugged construction and lasting accuracy 
will merit your full confidence. Red Reading and Yel- 
low back Mercury tubes are standard in all V shape 


s s rer hae. »! 00 Responsiveness.—When a re- 
nd Drow leads - ment was installed adjacent 
m _e voy tter, flow changes were shown 
Ps vost instantly. With 500 ft. of %”" O.D. 
anu m bing. ft lue of change registered on a 
b d- ada: spublic ver in 15 seconds. (This is 
acts, med ral | system, not merely transmis- 
de } a wie lag nsitivity.—Hysteresis loop is 
tag ey Coq « than Company reports that ef- 
in « TOU of nt temperature variations on 
sed ‘ hp urac} ti unsmitter is negligible ; and 
us ge, ot nor! frequencies of vibration pres- 
Oo} ne 4 in in trial and processing plants do 
ot = + affect » devices. Ranges,—From 0.9” 
eno i | TT water differential for working 
essures to 10 Ibs./in.2; 7” to 50” of 
ater £0 vyorking pressures up to 25 Ibs./ 
tial-pre< - and to 800” of water for working 
1al-pressure sesures up to 600 Ibs./in.2. Ranges are 
ystem id to be easily changed in the field with a 
ential p, jnimur substitution of parts. Company 
flo : ssu@@™, provide special heads for pressures up 
OW and level o999 Ibs./in.2.—Republic Flow Meters Co., 
tomy . ; “aie, ‘0 Diversey Parkway, Chicago, Il. 
re and explosi heb Fae I 


> it oby iates +} 
containing py 
















Glossmeter 

Glossmeter (Gonio- 
tometer) measures high, medium and 
w gloss (from zero to 100%) of plane 
rfaces of materials over 244” X 3” in size, 


s. It OnVerts g 


as | uced 


New Aminco-Scott 


sy 


ce, or by liqui 
pressure w 
the 
dn 


ing, results 


lifferent 


Ww it 


e the following 


ch as paint finishes, enamels, lacquers, 


etals, wood, paper, plastics, glass, etc. Re- 
can be its are in terms of the IL.C.I. Normal Ob- 
oe hy 8 rver and I.C.I. Illuminant C. The kinds of 
os . loss (relative apparent reflectance) meas- 
) ,. Fs 


red with this instrument are specular gloss, 
yntrast distinctness-of-image gloss, 
bsence-of-bloom gloss, and many other op- 
mittedical properties of surfaces of all kinds. It 
elghbeam E t especially useful for A.S.T.M. method 
on diaphrasm—™—:53 for measuring specular gloss of paint 
Some suggested supplementary 
ses: measurement of hiding power of de- 
sited finishes, cleansing power of soaps 
ni detergents, relative apparent reflectance 
whe f plane surfaces for obtaining Munsell 
““@alue, index of refraction, resistance of sur- 
aces to abrasion, weathering, wear, etc., 
nd measurement of glare. Illumination is 
djustable from -30° to +70° from the 
rmal, Receptor is adjustable from +30 
egrees to —70° from the normal. Angles 
lay be read to 1 minute of arc. Measure- 
ents of relative apparent reflectance from 
ro to 100% (in steps of 0.01%) can be 
lade, Measurements can be made rapidly: 
omplete gloss curve of a high-gloss sam- 
le can be obtained in approx. 30 minutes. 
istrument has sufficient sensitivity and 
le range to measure relative apparent re- 
ectance from high gloss to flat gloss with- 
ut the use of neutral filters, wedges, etc. It 
perates on 110-120 volts 60 cycles (con- 
led frequency) single-phase a-c., and is 
naffected by fluctuations in line voltage. It 
eed hot be operated in a darkened room. 
—/ 0 upkeep cost except infrequent renewal 


gloss, 





nishes, 


orifice bleeds 


gh 1 





AS FAR AS 
1000 FEET 


T 





= 
RECEIVING t the lamp. Instrument comprises four 
RECORDER lain components: (1) goniophotometer; 


2) reference plate and sample holder: (3) 


“se ti lanc- "trol and measuring unit; (4) galvanom- 
we" ul- @ttr. A standard glass reference plate is 
I is eas 'PPlied. Entire outfit weighs approx. 55 
wens ani j/™’—American Instrument Co., 8010 Georgia 
f %” tubing HRP Silver Spring, Md. 





thermometers in 





"V"' Shaped 
Bronze Case 
industrial 















Type 124 
Right Side Angle 















industrial thermometers. Indicating and recording ther- 
mometers are furnished mercury, vapor, or gas actu- 
ated. Dial indicating instruments are available in 4!/2”, 
6”, and 8!/,” phenol condensate cases, and recording 
10” chart size. There is a Weksler 


precision thermometer for every industrial need. 





Dial and Recording Thermometers 


For information on 


Dial and Recording Thermometers, send for Catalog 300 DR 
For others, send for Catalog No. 115. 


Weksler Thermometer Corporation 
52-56 WEST HOUSTON STREET, NEW YORK, N. Y. 


yt 


® 
s 
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ad 
- 
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Thermometers 


an 
Hydrometers 







Type 125 
Left Side Angle 














Quarter-mile-range Infra-red 
Photoelectric Protection System 


New photoelectric protection system pro- 
jects a fence of invisible infra-red light over 
distances as great as 1500 feet and gives 
local or central-station alarm if an intruder 





enters protected area. Designed to meet gov- 
ernment requirements, equipment is said to 
have an operating range longer than that of 
any other photoelectric system and to be 
especially suited to protection of harbors, 
yards, docks, industrial properties, airports 
and similar large areas. In operation, light 
source “Type L60M” is aligned with receiv- 
er “Type A30M” to which it focuses a mod- 
ulated beam of infra-red radiation. It is 
said that Type A30M responds only to the 
modulation frequency radiated by the 
source, is not affected by other artificial 
light or by daylight, permits extreme sen- 
sitivity and enables the equipment to func- 
tion greater range than previously 
possible with photoelectric controls, and at 
the same time guarantees complete stability 
of operation. (If invisible infra-red radia- 
tion is not required, operating range of sys- 
tem exceeds 2000 feet.) Within light source 
Type L60M, a fan driven by a gearless 


over a 
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and magnetic control. 


prompt attention. 


HE ARNOLD 


PERMANENT 
MAGNETS 


Tas Arnold Engineering Company produces 
all ALNICO types including ALNICO Y. All 
magnets are completely manufactured in 


our own plant under close metallurgical, mechanical 


Engineering assistance by consultation or 
correspondence is freely offered in solution of your 


magnetic design problems. All inquiries will receive 










ENGINEERING (‘OMPANY 


147 EAST ONTARIO ST. + CHICAGO, ILLINOIS 


LASTIC 


NAME 
PLATES 


SCALES, GAUGES, 
CALCULATORS, 









@ impervious to moisture, grease, 
oils, acids, alkalis. 

@ Printing guaranteed not to wash 
or rub off. 


@ Non-inflammable, non-corrosive 
plastic. 
@ Printed and laminated vinylite and 


cellulose acetate. 


SAMPLES AND ESTIMATES GLADLY SUPPLIED ON REQUEST 
WRITE DEPARTMENT Ni 


THE HOPP PRESS, INC. 


PRINTING — FABRICATING — FORMING 


460 W. 34th STREET, N. Y. C. 


ESTABLISHED 1693 
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AIRCRAFT 
THERMOCOUPLES 


Gasket or Blind Rivet Type 
Thermocouples 


Calibrated Lead Wires 


Firewall Connectors 


Army, Navy and Commercial 


Types 





THE WINSLOW COMPANY 


a On a wm 


9 Liberty Street, Newark, N. J. 


brushless motor serves as a | 








produce rapidly fluctuating 1j fa ~ 
sired frequency, and also co ve Bec’ 
duty lamp, assuring long | Brn. ssemt 
beam of invisible radiation p: st sin 
ceiver Type A30M is moment broken 
the alarm circuit latches in ang tton 
additional safety feature is t} *% - 
er or tube failure will cause +} : ge ar 
cuit to operate as though tt} ht b ; : 
had been broken. Receiver Ty M » 2 me 
Light Source Type L60M ar: ie ol 
limited service-free operatior ished j ue 
weather-proof housings. Suppli: th thas F 
units is an auxiliary latchir “ ol 
reset button. Equipment is des for on 
eration on 105 to 25 volts Phot, 
switch Inc., 77 Broadway, Can €, Masa NeW 
Instrument Resistors reel 


New “Type P-2” and “Type P-4 slotte 
terminal resistors are designed to eet con 
plex and intricate integrating 1 juiremer 
of precision apparatus where available are 





weight 
“Type P-2” has 0.5-watt rating, maxin 


is minimal and factor important 
resistance of 500,000 ohms, length 
diameter *". “Type P-4” has 1-watt rating 
maximum resistance of one megohm, is 1 
long and ¥” in diameter. Terminal 
types are 0.025 hot tinned copper, 
take stranded or solid wire. Mounting 
permitted by No. 6 holes through centers of 
bobbins. These resistors are said to find ex 
tensive use in various Army, Navy and A 
Corps applications. — Instrument Resistor 
Co., Little Falls, N. J. 





on both 


slotted t 





Water Detector Lock 
Primary purpose of new “Wayne Water : 
Detector Lock” is to prevent delivery of - 
water into fuel tanks of aircraft being 1 nd 
rn 





fueled. (Water in gasoline of planes oper- 
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tT 
GASOLINE | , 
- 25,000 GALLON TANK | | 1d 
& es a 
= i. 
g i 
. to 
| Ui at 
| =F +. eae n 
Sy — WaT lett 
asihen zr is t 
ating at high altitudes or in cold climates met 
4 “ Str 
may freeze and cause stoppage of fuel flow =a 
Unit is a probe-actuated relay, with relay gj inst 
ter of MB kKnu 


contacts connecting to magnetic st 








nsing pump motor. When two 















4 lig Opper - ors are used, they are con- 
am f the a me s. Electron-tube equipment is 
vs © heay - a weather-proof cast-iron 
nce th ted on probe pipe which ex- 
een 1 toy o tank, terminating 3” above 
: broke = k. When accumulating water 
Ss Hon, 4 ie? { end, control operates to shut 
hey ther poy pee Then water must be pumped 
se tl larm ¢ Bp : suitable means before pump 
= St beay a be ed again.) Operation is on the 
are } 30M aM me 3 e 220-volt power source that 
ion. aoe Ww orves t sasoline pump.—Wayne Pump 
pplicd with tg Fort Wayne, Ind, 
hir lay wit ‘ 
ens * « Hermetically-sealed Transformer 
‘amt ps New n ture- and dust-proof transform- 
: : said meet all Navy and other specifi- 
x tons for hermetic sealing, use glass or 
Sistors celain insulators with metal bands. Insu- 


Trpe P-4’ slotted! 
1ed to meet cor 
ng requlremen 
€ available are 





tor important 
ting, maximu 
3, length 

3 1-watt rating 
megohm, is ] 


rminal on both 


itors are soldered into transformer case 
which is of cold drawn copper-plated steel 
and thus become an integral part of the 
ise, “Vae-sealing” impregnation process is 
pper, slotted tq™used, said to assure absolute impregnation 
Mounting jqgvithout solvents or other deleterious mate- 
ugh centers o@™rial present inside the coil. Maker states 
aid to find exggthat these new transformers may be quickly 
Navy and Ai@™produced in any desired size or capacity to 
nent “Re atotal ustomer’s specification. — Peerless Electri- 
cal Products, 6920 McKinley Ave., Los An- 

geles, 1, Calif, 





Lock 


a | Aircraft Autosyn Tester 

t delivery fl New “Model 7 Autosyn Voltage Calibrator 
raft being r- 1 Polarity Indicator,’ developed for use 
P planes oper- manufacture and production testings of 
ircraft Autosyn indicating motors, may 


7 


g 
Big 





also be used by military inspection stations 
nd repair depots. To operate Model 7, in- 
— sert the Autosyn motor in the frame; no 
lamps are required. All fits are held to 
001”. Positioning arm is then slipped over 
. rotor shaft which ordinarily receives indi- 
| iting pointer. To check calibration, posi- 


tioning arm is set at 90° or center scale by 
letting spring arm snap into position. Unit 
is then connected to a vacuum-tube volt- 
old climates @ meter and a source of 400-cycle power. The 
f fue! flow.) M standard Autosyn, an integral part of the 
with relay @# instrument, is then rotated by means of a 
> starter of knurled thumb screw until vacuum-tube 








PILOTS AND PLANES WITH FACTS 


Know what your planes must and can 
do...in the battlefields of the sky, over the Nation’s 
airlines, and in performance tests. 


HATHAWAY VG RECORDERS (Naca Type): 


... Show you Value of acceleration at maximum airspeed; Value 
of airspeed at maximum acceleration; Maximum airspeed; 
Maximum acceleration. *Manufactured from basic designs 
developed by National Advisory Committee for Aeronautics. 


Simple to install and operate. Weigh only 21 ounces; 
cost only $185.00. 4% inches its longest dimension! 


DELIVERED FROM STOCK FOR WAR EFFORT 


@THE HATHAWAY INSTRUMENT COMPANY 


1315 SOUTH CLARKSON ST. DENVER, COLORADO 


ee aaa 


by Salads INSTRUMENTS 














Today’s needs anticipated by 


LITTELFUSES 


Depolarization against vibration, protection against 
“perspiration” in sudden temperature changes, ab- 








sorption of expansion and contraction develop- _, |;strument Littelltses | 





ments. Mountings and pan- __ {p 15, amps. Note Locked 
ap ssembly and bridge 
els for every need. construction 


wom  LITTELFUSE INC. 


1/100 to 1 amp., with high 


lag. For control cireuits, small 4759 RAVENSWOOD AVE., CHICAGO, ILL. 
coils, relays, magnets, solenoids, 229 ONG ST., EL MONTE, CALIF. 


small motors, etc. 
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WHAT do you need 


SENSITIVITY RESISTANCE 


DURABILITY 

















metry . 


W rite for 
Catalog 


PORTABLE 
MODEL P-1 


90 CHESTNUT ST. 





in a PYROMETER 


SIMPLICITY 


Engelhard Direct Deflection Indicators have all these features . . 
tivity to the most minute voltage variations due to suspension type construction ... 
High resistance per millivolt and no appreciable error when used with thermocouples 
of different resistances and on connecting leads of consid- 
erable length . . . Sturdy construction, adapted to use under 
severe conditions without danger . .. So simple that instant 
readings may be made directly in either millivolts or tem- 
peratures by someone unfamiliar with the principles of pyro- 
. On kilns or furnace installations, where “spot 
readings" are desirable—the Engelhard Rotary Switch permits 
separate readings from many points. 





CHARLES ENGELHARD, 








. Accurate sensi- 


INCORPORATED 
NEWARK, NEW JERSEY 
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ts You Are Making 


Avie Go into These 
ES/ 


ke Prider|he Part 





The SpeedWay organization is tuned to war * 
tempo, is tooled to war quantities and ready 
to ‘“‘deliver the goods’’ where war demands 
that extra performance. * 


Among SpeedWay products are SpeedWay 
motors (from 1/300 to 1/3 h.p., A.C., D.C., 
Universal, Direct-drive or Back Geared). 
With over 30 years of specialization in de- * 
sign and manufacture of electric motors and 
motor driven devices SpeedWay can provide 
standard or special motors to meet your re- 
quirements and Army or Navy specifications. * 


Submit your problems for SpeedW ay 
recommendations and quotations. 


SPEEDWAY MANUFACTURING CO. 


1839 S. 52nd Avenue Cicero, Iilinois 
* * * * = * * 
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ouctrcene 
fe or WAR wo rk / 


A proved, ECONOMICAL method, in 
use by various war industries for repro- 
ducing DIALS, GAUGE, PANEL and 
INSTRUMENT markings, lettering, 
graduations, designs. 


NO MACHINERY REQUIRED. Highly 
satisfactory for quantities from 10 to 
10,000 impressions. 





Send us copy, drawing or blueprint for 
estimate on complete screen and full 
details. 


Silk Screen Supplies, Inc. 


33 LAFAYETTE AVE 
BROOKLYN, N. ¥. 






voltmeter reads zero. To chec} 
lift positioning arm from cent 
tion and move clockwise o1 

wise one position. Each posit 

























ter is equal to 10° with an ira 

+3’; vacuum-tube voltmeter w me : 
voltage deviation from stan Fe, 

be checked progressively eve ; hy oe 
balance to zero is made. This é ot ed Ba 


is fool-proof and 
skilled personnel. 
without power supply 


can be m 
Unit is furn 
and \ 





Dimensions: 10” long, 6” ds ee, 

weight 6 lbs. All pin positioni; Pad Nev 
are held to +0.0002”.—Televis wee 
Co., 6533 Olmsted Ave., Chica: — wee 


Tandem Power Rheostats 


New tandem power rheostat ssemblic 
of two or more sections are ; up 
two 25-watt or two 50-watt rheostats rigiqi 
coupled together and held in a metal craqja 









© 











Usual one-hole mounting and _ locking-p: 


jection features are retained. Individualfiin tl 
rheostats can be of any standard resista pair 
value, taper, tap and hop-off, and all unit nan 
go through same degree of rotation as with 
gle shaft is turned. Units are fully insulatedii ada} 
from one another and from ground. Becaus di 
of wide choice of resistance values andjjroo! 
other factors, new assemblies are necessar-g air 
ily made only on special order.—Clarostatfi moi 
Mfg. Co., 285 N. 6th St., Brooklyn, N. ¥ tion 

per 


Humidity Test Chamber ine 


New “Amcoil’’ low- and high-tempet 
test chamber, Model RTC-1H, has maker's 
standard refrigeration equipment (se 
scription, Instruments, Sept. 1942, page 38: 
and, in addition, a new attachment for hv- 
midity control. Standard humidity rang 
ambient to 140°F.; ambient to 9 I 
tive. Special adaptation can 
humidities below ambient if 
are known. Overall dimensions 95” W 
91” H. xX 42” D.; interior (usable s 
52” -W. xX 37%" BE 30” D.; 25.9 cub 
feet. New model is said to afford an unus 


be 1 





requirement 
































of temperature and humidity 
mperature range is —55°C. to 
Fr. to +160°F.). Other features 
f two-stage Freon condens- 
positive forced air circulation 
varied in volume. Observation 
sealed and dehydrated panels 
2114”. Steel frame door has 
ng 51144” X 261%4”.—American 
7 Lexington St., Newark, N. J. 


nt-shop Air Conditioner 


onins eranes ae -onditioner was specially devel- 
evis Prodydill..a for Army Air Forces’ portable instru- 
icag 4 it re} shops which are big enough for 


three men to work in but small enough to 
so in a cargo plane, cargo glider, or to fit 
nthe body of an Army truck, Portable re- 
pair rooms of this type, made by the Her- 


1d locking-pr 
ed. Individual 
dard resistanca 


and all units man Body Co. of St. Louis, are equipped 
otation as sindfwith air conditioner pictured—a _ special 
fully insulate daptation of “‘Room Weathermaker,” pro- 
round. Becaus viding enough outside air into the repair 


roms to insure adequate ventilation. This 
ir is double-filtered of dust and excessive 
moisture is removed by a one-ton refrigera- 
tion unit which also cools the air to reduce 
perspiration on hands of workers. (Perspira- 
tion corrodes parts handled; high humidity 


"e Values ar | 
are necessary 

der.—Clarostat 

oklyn, N. y 


rusts steel parts.) For winter heating a 
amber gasoline-fired heater, made by Hunter & 
-h-temperatu Co. of Cleveland, is built into the air con- 
[, has maker's ditioner. Thus, complete functions of air 
nent (see de. conditioning are in one self-contained unit. 
942, page Carrier Corp., Syracuse, N. Y. 
hment ee eee Ba, 

Lidity 
gh eo Nap Cooling Unit for Separately- 
¢ I Lde f 
requirements enclosed Test Specimens 
ns 95” 


New “Sub-zero Cooler” is designed to 
ool specimen under test to any desired 
temperature from 165°F. to -—100°F. It is 
portable and arranged for attachment to 


usabl 
? 


ord an unt 


—FOR EVERY PRESSURE-TESTING 
APPLICATION 


RIMOUNT builds a complete line of 

manometers for engine testing, air- 
craft applications, etc. These accurate, 
durable instruments include Well Type, 
Fixed Scale U-tube, Sliding Scale U-tube, 
Periscope, Service Type, Inclined and 
special manometers. Thousands are used 
by leading manufacturers. Also Indicat- 
ing Flow Meters, Tank Level Gages, etc. 


Write today for descriptive CATALOG. 


yin 


Test Insulation the Modern Way 
with a MODEL B-5 


MEGOHMER 


NEW BATTERY-VIBRATOR TYPE 


No more tiresome cranking of a hand-driven 
generator . . . Entirely self-contained, steady 
test potential of 500 volts DC, available at the 
touch of a switch. Direct reading in insulation 
resistance. 


HERMAN H. STICHT CO., INC. 


27 PARK PLACE NEW YORK, N.Y. 


TRIMOUNT MANOMETERS 


Typical air- 
craft test 
panel setup in- 
corporating 
Trimount 
Manometers. 


408 S. Plymouth Court, Chicago, Illinois 


VARIOUS NEW MODELS 
AND RANGES 


WRITE FOR BULLETIN No. 430 





July 
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Pat Your 
Timing Control 
Probiems 


Up 


To 


_ 

CAUCE 
Equipped to engineer and 
manufacture complete con- 
trol panels, as shown above, 
to automatically operate va- 
rious sequences of Speed- 


mullers, machine tools and 


processes. 


Write for 
Bulletin 800. 


7. RW. CRAMER COMPANY: 


Ente R ER 
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small enclosures built about the specimen 
under test located in the testing machine. 
It makes use of COe2 as a refrigerant. En- 
closure surrounding test sample can be built 
up locally te suit testing equipment in which 
sample is located, Dry ice compartment con- 
tains 50 Ibs. of broken dry ice, is insulated 
with 2” of Foameglas, is lined on the inside 
with metal and trimmed on the outside with 
4,” Masonite. Temperature is controlled by 
means of a United Electric controller which 
starts and stops blower motor. Rate of cool- 
ing is controlled manually by a damper in 
blower discharge. A small electric heater 
permits use of this equipment for tempera- 
tures higher than ambient, operates on 110- 
volt, single-phase circuit, ig commanded. by 
the temperature controller, the bulb of 
which is located in the re-circulated air duct 
and controls the temperature of air re- 
turned from the enclosure. Unit is driven by 
a motor, can be plugged into any 120-volt 
receptacle, consumes 650 watts. Dimensions 
16144” x 16%” X 31”; weight 140 lbs.—Ten- 
ney Engineering, Inc., 8 Elm St., Montclair, 
NW. J. 


Thread Snap Gages 
New “Vard Roll OC” thread snap gages 
are designed for checking P.D. and lead of 
“number series” screw threads to specified 
tolerances. Their small size and light weight, 


it is said, make them “easier and faster to 
use than other means of checking screw 
threads which are on the market today.” 
These gages are visual type as well as feel- 
er type gages and are therefore, it is said, 
a surer means of inspection than those lim- 
ited to feel alone. Snap test feature, in 
place of ordinary screw-on ring gage, saves 
time. Wear is said to have been minimized 
by good design and proper tempering of 
gaging surfaces. Adjustment feature is said 
to save frequent replacement costs, These 
new small roll thread “OC” snap gages run 
from No. 2-64NF to No. 14-20 NS.—Vard 
Inc., 2981 E. Colorado Blwvd., Pasadena, 
Calif. 





WORK, FIGHT, GIVE! 
MAKE DEMOCRACY LIVE! 





WANTED 


INSTRUMENT DEVELOPMENT 
ENGINEER 


Experience in design and pro- 
duction of industrial instru- 
ments with close tolerances re- 
quired. Experience with engine 
indicators, manometers or simi- 
lar instruments desirable. State 
education, experience and qual- 
ifications. Trill Indicator Com- 
pany, 7000 Bennett Street 
Pittsburgh, Pa. 











The Most 
cise” Article 
| Manufactured 
: In Quantity — 
Anywhere 


WAY 


Illustrated above is a 
roof prism, the most 
accurate of all optical 
parts, used in military 

_ instruments for our 
| armed forces . . . Roof 
prisms are being made 

' by a number of manu- 
facturers by. methods 
; first developed at The 
7 Perkin-Elmer Corpora- 
P tion ...and gladly 
; shared in ‘the interest 
-of winning the war. 


\. 


he Perkin-Elmer 
Corporation 
"GLENBROOK, CONN. 


ARMY “ 
‘4 


5? % * E wavy 


— 





* Another control problem—the kind 
Clarostat engineers like—came in re- 
cently. Specifically: a tandem assembly 
comprising dual 50-watt power rheo- 
stats and dual 3-watt wire-wound po- 
tentiometers; the latter insulated from 
shaft and ground for 2000-volt break- 
down test; four units to have the same 
degree of rotation. In a hurry, of 
course; first a sample; then production 
running into large figures. 


Clarostat engineers worked out the as- 
sembly here shown from standard units 
ad parts, again demonstrating how 
time, money and effort are saved by 
the ingenious adaptation of the Claro- 
stat wide choice of standard units and 
parts. 


* Consult us... 


CO., Inc. - 285-7 N. Gt St., Brooklyn, N.Y. 


the GAERTNER 


TOOLMAKER MICROSCOPE 


Foremost among our precision optical measuring instruments, the 


Toolmaker Microscope is used in constantly increasing numbers in our 
e _ 


nation’s war industries for applications requiring length, 


coordinate, 


and angle measurements of high accuracy. 


Send for Bulletin 117-14 


THE 


GAERTNER SCIENTIFIC CORP. 


1211 Wricutrwoop Aver., Cuicaco, U.S.A. 





INSTRUMENT MAN 


experienced with instruments for 
recording and controlling flows, 
pressures, temperatures, levels, etc. 
Permanent position with large pulp 
and paper mill located in south- 
east coastal area, $1.25 per hour, 
48 hour week, with time and one- 
half for over 40 hours. Vacation 
with pay. Moving expenses allowed. 
Give full details as to present status 
and experience. Those now engaged 
at highest skill in essential plants 
cannot be considered. Box 83, In- 
struments Publishing Co., 1117 
Wolfendale St., Pittsburgh, Pa. 











NEEDED BADLY! 


Electrical Engineer—to work on and 
with Indicating Electrical Instruments. 
Experience on any kind of electrical 
instruments will be very helpful. 

Allied experience, however, with 
engineering or production engineering 
on other small electrical parts may 
give vou sufhcient background. 

If you are interested, we will be 
very glad to know your qualifications. 

Write the Box Number below, in 
detail. Every inquiry will be answered. 
Box 84, Instruments Publishing Co., 
1117 Wolfendale St., Pittsburgh, Pa. 
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STEP NO. 94 
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This aircraft instrument housing—Step No. 94 for a famous maker of war planes—looks like one one 
SP } i 
piece. But it’s actually five pieces! Five pieces of aluminum formed and welded, machined, fin- % 
. “ae om . ns : me K-20 
ished—to limits .005. Isn’t there a step in your production cycle where our “Packaged Produc- aan a 
tion” would be a big help? You'll get 54 years of exceptional experience in Metal Fabrications: eost 
recision Machine Work: Electrical & Mechanical Assemblies. Also, e y organiz a- el 
P Mack Work: Electrical & Meck 1 Assemblies. Also, carefully organized oper a 
tional methods to relieve you of all production responsibilities on an entire product—or a single K-20 
. . “ . . 7 iw . . Amat 
part. Avoid production headaches and inquire if our prior commitments will “Let Lewyt Do It.” g 1 
ular 
1 pe 
vA on of 
f vib 
L K-21 
LORPORATION an wae 
istics | 
ations 
3. Mi 
K-21 
The Aj 
r ¢ 
° ° so that the mstitution an rganization President of Esterline-Angus Co. Mr. kK ert 
> > : oe ell D 
Instrument Societies will be as simple as possible ter’s subject was “Machines, Men and Meas ton BI 
MELBOURNE (AUSTRALIA) \ preliminary meeting will about urements.” In his talk he reviewed the ay a 
In recent vears an increasing interest has August to adopt a constitution arrange plication of recorders to trouble-shootin — 
 - . . = n . F ° » 
been shown in industrial measuring and con- to launch the’ Society This preliminary time studies, measurements of strain, te P 11”. 
trol instruments. Engineering and scientific meeting will bé Ute nded by from perature, pressure, electric energy, hyd! filters 
institutes publish in their Proceedings pa- the various technical institutes of lics, electronics, and blood pressures. Ti one 
pers dealing with instruments, and there is Which have sal red ee approval speaker carried the subject across to |} Valtl 
4 general demand for irformation regarding f the proposal. This meeting ilso be listeners with excellent continuity. A_ live K-21 
methods of measurement and what instru- ittended by a representativ instru question period followed the speaker's 95's” » 
ments are commercially availabl ments tr ude. Any technical society insti- formal discussion 30B F'ARD : b 
tute in Victoria, or any instrument firm , ’ Ap 
Steps are now being taken in Melbourne ; er hs ’ : pplic¢ 
; who desires to have a voice prelim- P +> , 4 
to form a Society to bring together those : fe HILADELPHIA 8 ol 
: inary discussions is invited iddress ar Philadelp} ; i ; 1. He 
interested in these probl. ms, and to make inquiry to the Society at 219 William Street nilac RoREr Ma Closer ts opring ind +; disc 
ivailable as much information as possiblk Melbourne, (Telephone MU4816) mer session on June 16 with a bang atioy 
regarding new developments. It is to be : meeting having 110 members in attendar tor ( 
known as “The Society of Instrument Tech- a with 48 at the dinner. ll 
nology.”” Such Societies were started in the NEW YORK Our Mr. Kermit Fisher's talk, ‘Rot K-2 
U.S.A. within recent years and have been Fifty members attended the 194: meters and Their Secrets,” fitted the occa During 
very successful, Membership will be open to meeting, which took place cus- sion. For secrets they were—such as te ges 
all reputable persons, and the object of the tomary dinner at Churchill's Restaurant ing float design, heat treating, superfinis t Ue 
Society will be solely to improve knowledg: Our speaker was Mr. R. J Vice ing of the glass metering tubes and hig “y 
and low pressure applications. His talk w 
illustrated with slides, K 
To make one feel better in these s ments. 
. gasoline rationing, Mr. Fisher mentior — 
City, Society and Secret . 
: y id the fact that the R.A.F. had made exter T 
a S f flight tests of bomber squadrons r s ] 
— edt | ened Sates a cpg period of time—one group using f flow Yy 
: a : — meters, and the other group without 
Baltimore Baltimore Industrial In- Fred Pullen, Bethlehem Steel and that fuel savines ran to the K 
strumentation Society Co., Sparrows Point, Md ae _ o 
Chicago Chicago Society for Carl Hope, 2626 W. 31st 
Measurement & Control Blvd., Chicago 
Hartford Hartford Society for Stephen J. Zelle, Whitney Chain Date Subject Speaker 
Measurement & Control & Mfg. Co., Hartford, Conn k 
Newark New Jersey Society for R. F. Robey, 409 Orange Ave., Oct. 5) Public Application of Null C. B. Moore, Pt Mi 
Measurement & Control Cranford, N. J minal Restaurant Principle Products Co., Ph Iphia 
New York New York Society for R. K. Farnham, $45 Fifth ‘©)Dinner at 7, meeting at 8. 
Measurement & Control Ave., N. Y. C — 
N. Indiana Northern Indiana Soc R. W. Schreiner, 4 Waltham St a Gos 2 
Measurement & Control Calumet City, III 30% or better. One can see wher V 
Philadelphia Philadelphia Society George Hammer, 712 Otis ce i a. haeoege bigger — s 
for Instrumentation Bldg., Phila., Pa bombing missions to blast the Axis Yo 
Pittsburgh American Society for L. M. Susany, c/o Carnegie In- The ae Wee foliowed iggae . ; 
Measurement & Control stitute, 4400 Forbes St., Pgh fashioned suds and free lunch \ K-21 
—GEORGE | MER & lers 
uum 
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9 process showing the application of tem 
perature control. Wheelco Instrument 
‘o., Harrison & Peoria Sts., Chicago, iil. 
¥ 
N L 


In this department we report ALL pieces of new literature pertaining to Instrumentation, 
ceived from the manufacturers. To assist in the War Effort we urge readers to request ONLY _)) 
those bulletins which will be of value to them. Use the coupon on this page. 





Food Dehydration Plant Control, 
The May-June issue of Wheelco Com 
ments is devoted to a description of the 


K-223 





















K-224 Connectors, Sockets, Adapters, 
etage. Condensed Catalog 71, 7%” 

", 12 pages, catalogs and prices a 
> ‘number of cables, connectors, sock 

adapters, insulation, plugs, cable as- 
semblies, ete. American Phenolic Corp., 
1830 S. 54 St., Cicero, I). 


























K-225 Dynamotors, Catalog 100, 814” 
11”, 10 pages, catalogs a number of dyn 
motors for aircraft, marine, police and 
mobile radio equipment. Carter Motor 
Co., 1608 Milwaukee Ave., Chicago, II] 











K-206 Maximum Accuracy in Noise 
Measurements. The May 1943 issue of 
the General Radio Co. contains Part 8 
The Noise Primer.” General Radio 
30 State St., Cambridge A, Mass. 


K-207 Hook-on Volt-Ammeter. GEA 
2950C, 8” xX 10”, 8 pages describes this 
strument which permits measurements 
ithout cutting of conductors and with- 
it t use of additional equipment. Gen- 
ral Electric Co., Schenectady, N. Y 


K-208 Ohmite News, The May 1943 
sue describes the application of Ohmite 
tats in Boring Mill Speed Control. 
mite Mfg. Co., 4835 Flournoy St., Chi- 


neos 


K-209 Aircraft Power Relay. Bulletin 
13, 8144” X 11”, 1 page is designed par- 
ticularly for aircraft power circuits. It 
ll perform at high values of accelera- 
tion of gravity and also under condition 
f vibration and shock. Ward Leonard 
Elec. Co., Mt. Vernon, N. Y. 


K-210 Miero Switches for Aircraft. 
‘atalog 70, 8144” & 11”, 20 pages describes 
the electrical and mechanical character- 
istics of these switches suited to appli 
cations on aircraft and aircraft accessor- 
ies. Micro Switch Corp., Freeport, Ill. 


K-211 Practical U. H. F. Oscillators. 
The April 1943 issue of the Cornell-Dubi- 
er Capacitor reprints this article by 
tobert Ricketts from Radio News. Cor- 
ell Dubilier Electric Corp, 1049 Hamil- 
ton Blvd., So. Plainfield, N. J 


K-212 Battery Eliminators for Tele- 
phone Service. Bulletin DL48-156H. 8%” 
< 11”, 2 pages describe Raytheon Recti- 
filters which provide d.c. power for teie- 
hone operation. Raytheon Mfg. Co., 
Waltham, Mass. 


E- 213 Automatic Control, Bulletin 116, 
uM 11”,16 pages describes completely 
the basic ‘problems involved in soaking 
pit operation. Typical diagrams show the 
pplication. A chart showing the proper- 
es of typical steel mill gases is inciud- 
1. Heat balance and thermal efficiency 
3 discussed and a heat balance approxi- 
ation is also included. Askania Regu 


‘ 


tor Co., 1603 S. Michigan Ave., Chicago 


K-214 How to Ship by Air Express 
ne Wartime. Folder 8%” x 11”, 8 
ges is an indexed handbook on “Fast- 
st Way Shipping.” Railway Express 
vy. y, Inc., 230 Park Ave., New York 


K-215 Strip-Chart Recording Instru- 
ments. Bulletin GEA-1061G covers the 
eral design and features of the Type 


D recorders. Specifications covering the 
de ivailable are included, as well 
s lists of the ink and inkless record 
lis. General Electric Co., Schenectady, 
Yy 
K § Rotary Selector Switches, Fold- 
r, 5 < 11”, 4 pages illustrates and de- 
rit 1 number of switches for ther- 
es and resistance thermometers. 
Engineering Co., Naugatuck, Conn. 


Navigation Depth Recorder, Fold- 
. < 11”, 4 pages describes the Sim- 
X ludworth depth recorder, an in- 
I designed to measure and re- 
n dry facsimile paper, a continu- 


18 file picture of sounded depth along 

Ve ‘l’s course. The system employs 
iy nic sound waves and precision 
Un Bludworth, Inc., 92 Gold St., New 
Yor! N. Y 


K-218 Indicating & Recording Control- 
ers for Temperature, Pressure & Vac- 
wum italog 1200, 8%” « 11”, 40 pages 


illustrates and describes the various Tag a jaeeanes ae — aes) Ae, 
instruments: On-off recorder-controlle Price 2oc postpaid, This is a condensed 
full range throttling recorder-controller: handbook of formulae, charts and data 


and same _ instrument 


reset. C. J. Tagliabue 


Park & Nostrand Aves, 


Folder, 8% x 11”, 4 pages covers a bal- place Log and Trig Tables. Formulas are 
inced ‘apacitance-operated alarm device given for Decibels, Resistance, Capaci- 
designed for use outdoors on property tance, Inductance, Reactance, Resonance, 
lines either with or without existing Frequency, “Q” Factor, Impedance, Con- 
fences. Browning Laboratories, Inc., Win- ductance, Susceptance, Admittance, Tran- 


K-219 Boundary Protective Equipment, Information, and a complete set of four- 


chester, Mass. 


K-220 Hot Blast Control System. Bul- 


letin 27-7, 8144” x 11”, 


the control of hot blast temperatures 


with a single mixing 


ment BF-1 covers the 


those being modernized, which are purchased directly from Allied Radio 
equipped with a cold blast valve common Corporation, 833 West Jackson Joule 
to all stoves. The system automatically vard, Chicago, III. 

regulates the mixing valve and/or the 7 “ 

cold blast valve to maintain a constant K-227 Mercury Relays. Bulletin 140 
predetermined hot blast temperature 8%)" X11”, 8 pages, illustrates several 


B 
Aves., Philadelphia, P: 


rown Instrument Co., 


K-221 Valves, Fittings & Hose Assem- electric apparatus, electric time controls, 
”" & pages, shows production line time controls, heating 


blies. Bulletin, 84” 


iviation tube, pipe, universal and pipe and ventilating controls, refrigeration 
fittings: automotive and 
ind refrigeration hart, Ind. 


and pipe fittings; 


Vv 


alves, fittings and acce 
these fittings are very 


strument installations 


300 E. 131 St., Cleveland, 


Science 


in 
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TO PREVENT WASTE 
AND AID WAR WORK history on the development of pressur¢ 


(1) Request only the literature 


that will aid you. (2) Paste the i See Ce. a ete 
coupon on a government postal Boston, Mass. 
card addressed to Instruments, K-231 Precision Measurement, Catalog 
taking care to make all four 31, 5” x 7", 64 pages, price 50 cents, a 


edges stick. 


Numbers....... 


I also desire further information concerning the following new products described in 


this month’s “New Instruments’ Department 


I also desire further information concerning ‘the following products advertised in 


this issue (Write page number and name of company). 


(OR) Home Address 


Instruments, 1117 Wolfendale St., Pittsburgh, Pa. (JULY 1943) 
Please have the following catalogs, etc., reviewed in this issue sent to me. 
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He must have it... first! 


Daily production schedules are determined only on the basis of preference ratings 
indicated on priorities extension certificates. At times, this fixed arrangement must 
“stretch” to accommodate later urgency directives. If an occasional shipment has 
been delayed beyond our estimated delivery date, it is only because a MORE VITAL 
order has intervened and has preceded it. 


Though we are indebted to clients who have favored us with their patronage in pre- 
vious years, our personal preferences are subordinated. We rightfully are proud of the 
fact that these clients, who advised and assisted with many of our pre-war engineering 
developments, are sharing today’s inconveniences with the same friendly cooperation. 


Ordering standard components and equipment may facilitate deliveries. 


THE DAVEN COMPANY 


191 CENTRAL AVENUE * NEWARK 4, NEW JERSEY 





This is the spring that helps bring 
“blind” flyers home—sink lurking subs 
blast enemy planes out of the sky. 

Smaller in diameter than a pencil... 
made of special bronze alloy, it never 
“sets,” retains its tension always. Used 
in Westinghouse instruments, it makes 
possible close calibration, and keeps that 
calibration uniform, permanently. 

e. Made by 
Eby the Westinghouse Meter Division, 


a special process dev eloped 


these tiny spirals are precision-made to 


m extremely close tolerances. 


Their structure is held absolutely uni- 
form throughout their manufacture. Rigid 
torque inspections and individual tests 


assure correct tension characteristics. 


Today, these ageless springs are help- 
ing us build accuracy and dependability 
in the instruments that serve as the eyes, 
ears and voices of our fighting men. De- 
veloped for peace—improved for war, 
they are your promise that the future 
will bring instruments for industry, finer 
than ever before. Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa., Dept.7-N. 

J-40340 
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. PLANTS IN 25 CITIES... 
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